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Foreword 


I am happy to write the foreword for this book by Dr. K.V. 
Gopalakrishnan, describing the anatomy of invention, and 
providing interesting biographical and anecdotal details 
about the great inventors who have given to us a standard 
of living and artefacts unimaginable about a century ago. If 
science and technology have revolutionised our lives in all 
aspects—education, work, entertainment, travel, communi¬ 
cation, etc.—it is because of the achievements of a limited 
number of people who dared to think differently, and to per¬ 
severe with their work in spite of the ubiquitous resistance 
to change. 

All successful companies are now fully convinced of 
the role of innovation in sustaining competitiveness. They 
gauge their competitiveness and vitality by the number, 
frequency and up-to-dateness of their inventions. While 
there does not appear to be an acceptable theory of creativ¬ 
ity and innovation, it has been possible to identify the char¬ 
acteristics of successful inventors, and the environment 
which promotes innovation in an organisation. Particularly 
since the future world will be based on a knowledge 
economy, knowledge workers, knowledge products and 
services, knowledge management, innovation etc. are sure 
to play a central role. 

Prof. Gopalakrishnan has written an extremely read¬ 
able account of the process and the products of innova¬ 
tion, and of the inventors. It contains many biographical 
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and anecdotal details which add to the value of the compi¬ 
lation. I have no doubt that this book will be welcomed by 
a wide spectrum of readers, and will become very popular 
among them. 


R. NATARAJAN 
Director 
IIT, Madras 



Preface 


"Compared to what we ought to be, we are only half- 
awake. We are making use of only a small fraction of the 
physical and mental resources that we possess. Stating it 
broadly, the human individual thus lives far within his 
limits. He possesses powers of various sorts which he fails, 
to use," said William James, the American psychologist. We 
all intuitively know that this is true. When under stress, 
human beings have been found to perform miracles of 
physical strength and exhibit unusual psychological 
endurance that they never seemed capable of. Under 
normal circumstances these very individuals seemed like 
very ordinary persons. Why is it so? This is because they 
were unaware of their own capabilities. Restrictive 
education or lack of encouragement may not have allowed 
their creativity to blossom. But, the key to success and 
happiness for an individual lies in the maximum use of his 
innate potential. Parents, teachers, friends and relatives do 
have a role to play in this but the most effective contribution 
is the individual's own determination to make the best of 
himself. 

The first step in self-development is the awareness of 
one's own potential. Most people are blessed with some 
talent—be it mathematical, linguistic or manual dexterity. 
Rare is the individual who is good in nothing. A calm and 
close self-analysis will reveal one's strengths. 



INVENTORS WHO REVOLUTIONISED OUR LIVES 


The outcome of realising one's potential is self-confi¬ 
dence, and self-confidence constitutes the basis of success. 
"Believe in yourself first and then believe in God. A man 
who cannot believe in himself cannot believe in God either," 
declared Swami Vivekananda. 

But self-confidence alone cannot guarantee success. A 
systematic effort by the individual is necessary to achieve 
success. This book is a close study of those who have achieved 
success in their chosen fields despite facing numerous 
obstacles. It also aims to be a source of inspiration and 
encouragement for the readers during phases in life when 
frustration and difficulties in one's work bog one down. 

The inventors specially chosen for description in this 
book have played a leading role in the development of the 
modem world. Contrary to popular perception, inventors 
have existed throughout history, but their importance has 
grown manifold during the present modem times. The un¬ 
known geniuses who invented the wheel, the plough, the 
bow and the arrow contributed more to the advancement of 
human society than did many a pompous king or adminis¬ 
trator. It is the work of inventors (who apply scientific facts 
to construct devices that increase the effectiveness of human 
beings) which enabled Europe to conquer practically the 
whole world, raise its standards of living to unimaginable 
heights and discover cures for diseases hitherto accepted as 
incurable for ages. The steamship, railways and modem fire¬ 
arms enabled a small number of Europeans to overwhelm 
and conquer populations which vastly outnumbered them. 
India was a victim of this European resurgence but expo¬ 
sure to it also helped in finding the way to counter it—beat 
them at their own game! Japan did it most successfully; in 
fact, so successfully that it became practically indistinguish¬ 
able from powerful European nations in many respects. 

It is clear then that a nation cannot preserve its political 
independence unless it keeps pace with advancement of 
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technology. Moreover, inventions help in making human 
life more comfortable and healthy. Taking the case of India, 
the mass poverty that plagues us cannot be removed 
unless technology suited to Indian conditions is developed 
by Indian inventors. No foreign nation can do this for us. 

It is my fond wish to inspire would-be young Indian 
inventors through the great achievements of the inventors 
described in this book. Since it is not possible to include all 
inventors in a volume of this size, I have chosen the ones 
covered in this book by adopting the following criteria: 
(1) their work has had a powerful impact on society; (2) they 
are typical inventors, that is, people interested in die practi¬ 
cal application of science and not in advancing scientific 
knowledge (which is the role of a scientist); (3) they are 
people from poor or average backgrounds who encoun¬ 
tered hardships but who overcame them by their drive, 
determination and resourcefulness. Apart from their work, 
they are also torch-bearers to future generations on the 
power of the human will to overcome natural and 
man-made obstacles. 

India is in dire need of good inventors to pull itself out 
of the mire of poverty. It is my fond hope that the lives of 
these great inventors will inspire our young men and women 
to rise to this task. 

The first edition of the book has been revised with the 
addition of three chapters under a separate section. These 
chapters cover the advances in key areas in the past few 
decades. A brief introduction to this section explains the 
reasons for discussing broad areas of technological 
advances, while including the contributions of individual 
inventors. 


K. V. GOPALAKRISHNAN 




Part A 


THE ART AND SCIENCE OF INVENTION 
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THE IMPACT OF SCIENCE AND TECHNOLOGY 
ON OUR LIVES 


It is a fascinating facet of human nature that we very quickly 
adapt ourselves to change. No other species even remotely 
compares with us in this ability. This fact becomes evident 
when we consider how different our lifestyle is from that of 
our ancestors of just a couple of centuries ago (a historically 
short period). In the year 1800, there were no railways, pow¬ 
ered ships, telephones, televisions, aeroplanes or other 
conveniences. But we today take them for granted. The world 
has changed more in the past two centuries than in all the 
previous recorded period of history of about six thousand 
years. And the end is nowhere in sight. In fact that pace of 
change is accelerating. 

This tremendous change has been brought about by just 
one aspect of human activity—the development of science 
and its practical application through technology. It is still a 
puzzle to historians of science as to how such an explosive 
change took place in such a short time, why it started in a 
particular region of the world (Europe) and why it did not 
occur in the earlier centuries; but, about its practical effects 
there is no doubt at all. 

In the 16th century, the great explorer Ferdinand 
Magellan took nearly a hundred days to sail across the vast 
Pacific Ocean. Today jet aircraft do it in a few hours. Modem 
communications make it possible to talk to a loved one half 
a world away or watch a cricket ma tch live in India that is 
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being played in the West Indies. Earlier in history, with one- 
tenth of the present population, the world used to be wracked 
by recurrent famines with heavy loss of life. Today, in 
developed nations, overeating and obesity are major health 
problems! The Black Death (plague) of the 13th century 
wiped out more than one-third of Europe's population. But 
now plague and a host of other communicable diseases like 
influenza, cholera, typhoid, etc. hold no terror due to medical 
advancement. The average life span in Julius Caesar's Rome 
was less than thirty years. An average Japanese of today can 
expect to live to be nearly eighty. The list is endless. In 
transportation, communication, elimination of drudgery, 
medicine, agriculture, etc., the advances in the past two 
centuries have been truly spectacular! There is no denying 
that if science and technology were applied with wisdom, 
the entire population of this earth could enjoy a high quality 
of life, free from hunger and pestilence that plagued mankind 
in past times. 

Are the consequences of science and technology con¬ 
fined merely to their physical effects, such as speeding up 
travel or eliminating diseases? The answer is an emphatic 
'no'. As technological changes took place, it became clear 
that their impact on human affairs went far beyond the physi¬ 
cal. Their effects on human behaviour, attitudes and beliefs 
have proved to be just as revolutionary. A few examples 
would illustrate this. 

As long as human societies were isolated from each 
other by vast distances or geographical barriers people 
unquestioningly accepted the beliefs and value systems of 
their own group. But, once travel became swift and com¬ 
munications better it was realised that other societies often 
functioned with standards diametrically opposite to their 
own and were either none the worse for it or even better 
off for it! This led to a world-wide questioning of tradi¬ 
tional beliefs and the ferment is still going on. For instance. 
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we Indians could see for ourselves that the Englishmen who 
had crossed thousands of miles of sea (forbidden to the 
Hindus) and conquered India had suffered no divine dam¬ 
nation on that account. In fact they were the overlords. 
Today it is a fond wish of millions of us to travel overseas or 
settle abroad! 

Most traditional societies have habitually oppressed 
women while simultaneously lauding their 'virtues'. But, 
once widespread education—a consequence of industriali¬ 
sation—reached women, they started rebelling against the 
injustice of the system. 

When pioneers, such as Gottlieb Daimler and Henry 
Ford, initiated the automobile revolution they looked upon 
it as merely a fast and comfortable vehicle. But automobiles 
brought far-flung communities closer together, dictated town 
planning and on the flip side, led to serious air pollution. 
None of these fallouts had been foreseen by their creators. 

Radio and television were developed to provide instan¬ 
taneous communication and mass entertainment. Little did 
their inventors imagine that their creations would become 
awesomely effective means of propaganda in the hands of 
governments or that the captains of industry would use them 
subtly through advertisements to brainwash the masses into 
buying things that they really don't need! 

Technological developments thus lead to both profound 
physical and social consequences, many of which are ben¬ 
eficial while others are harmful. For example, the rapidity 
with which technological changes occur creates serious prob¬ 
lems of adjustment. The 'generation gap' was never as wide 
as it is today. Parents for whom radio was a novelty have to 
worry about the effect of video games on their children's 
education. Farmers who tilled their fields with indigenous 
implements listen uncomprehendingly to their sons talking 
about genetic engineering of plants. Elders accustomed to 
seeing women content in cooking and raising children, are 
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troubled to see them as preoccupied as men with their 
careers and earning money. Individuals and societies are 
thus forced to struggle in manifold ways to cope up with 
the swift changes brought about by technology. 

Apart from this psychological strain, technological 
development has also caused serious damage to mankind 
in other areas. Air and water pollution due to industriali¬ 
sation poses a grave danger to human health. Forests 
have been denuded, natural resources depleted and the seas 
over-fished with unpredictable consequences for the future. 
The vast and varied amounts of industrial chemicals in use 
and the pesticides so generously used in agriculture are 
bound to damage humans and animals considerably in 
the long run. 

As the various ill-effects of technology become more 
and more apparent, a psychological revolt is gradually 
building up among the thinking people against technology. 
While this is understandable, such an attitude is utterly 
impractical. A reversion back to pre-industrial times is sim¬ 
ply impossible for mankind. We have come too far down 
the road for that. Nor were the 'good old times' as good as 
the romantics make it out to be. They were actually the bad 
old times of famines, mass illiteracy, legally sanctioned 
slavery and uncontrolled diseases. The ill-effects of tech¬ 
nology are due to human greed and misjudgement and not 
due to technology per se. 

The best way of countering this is to make prudent 
use of technology and not abandon industrialisation in 
haste. A case in point is River Thames. Some decades back, 
it was so polluted by industrial wastes that it resembled 
more a gigantic sewer than a river. Its fish population was 
practically wiped out. But through effective pollution treat¬ 
ment and strict enforcement of laws the river has now been 
restored to its old glory. In Los Angeles, the city formerly 
blanketed by automobile smog, a US official recently 
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boasted, "Thanks to effective automobile exhaust treatment 
techniques we can once again view our surrounding 
mountains." 

For worthwhile application of technology to promote 
human welfare the most immediate need is for innovative 
and imaginative inventors. Past experience shows that the 
most significant advances in technology have been made 
through ingenious and persevering individual inventors and 
not through giant corporations or government fiats. Inven¬ 
tors are rather a special group of people. A study of what 
makes such individuals inventive is not only fascinating but 
highly useful since their characteristics can be adopted by 
'average' people to improve their own innovative skills. 
Accordingly, the factors which mold average men into great 
inventors are discussed in the subsequent chapters. 
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SCIENTISTS AND INVENTORS 


"If there is any use for it, all the fun of working on it is 
gone," said Lord Kelvin, the famous scientist about his 
scientific research. He, like most scientists, believed in knowl¬ 
edge for knowledge's sake. In fact, scientists of an earlier 
era had a positive disdain for practical applications of 
science. Most scientists of today would not go so far but do 
share their predecessors' preference for pursuing knowl¬ 
edge without bothering about its impact. 

Contrary to this was the attitude of the eminent 
inventor, Thomas Alva Edison, whose interest lay solely in 
inventions that would be useful to society. Put in a nut¬ 
shell, a scientist is one who does research because he 
enjoys the pursuit of knowledge whereas an inventor is 
driven by the desire to achieve some socially useful objec¬ 
tive (though he may also enjoy his work). Depending on 
innate abilities and environment, these talented people 
branch off into one or the other direction. 

Although generalisations can often be off the mark, it 
can safely be stated that there are many more potential 
inventors than scientists in the world. It lies in the very 
nature of their field of specialisation. When inconvenienced 
by one's own physical limitations or by natural obstacles 
the instinctive reaction is to look for ways to overcome them. 
Hence, it was not surprising that when confronted with 
rivers or seas that man could not swim across, man invented 
small and large ships. Difficulty in moving heavy loads from 
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one place to another led to the invention of wheels and 
carts. On the other hand, while we all admire a rainbow or 
a blue sky, very few of us delve deep into how a rainbow is 
formed or why the sky looks blue. It requires a certain type 
of mind to work unrelentingly and unlock the laws of 
nature. Very few people are endowed with such a tem¬ 
perament and requisite ability; as such the world is never 
over-blessed with true scientists. By 'scientists' of course, is 
meant individuals capable of discovering the laws of 
nature through their own efforts and not those who have 
received an education in science. Such gifted individuals 
once identified can be nurtured and encouraged, but there 
is no way by which great scientists can be produced to 
order or bred like champion horses (whatever the eugeni- 
cists might say)! Even the best of education is not capable 
of turning average people into great scientists. 

The desire to invent on the other hand, is more wide¬ 
spread and capable of being improved by training or through 
one's own efforts. It is believed that as many as fifty per cent 
of the people have inventive capacities to various degrees. It 
is most evident during childhood. Children are endowed 
with natural curiosity and open mind which readily find new 
ways of doing things. The following example will illustrate 
this point. A five-year-old boy asked his father to take out a 
wooden toy that had fallen into a deep narrow pipe 
embedded in the ground. The father tried to pull it out with 
the help of wires, poles, etc. but without success. The 
frustrated father left the scene. Then the young boy in a 
sudden brainwave, decided to flood the hole with a garden 
hose as a result of which the toy came floating to the top. 

Unfortunately, most people lose their childhood 
curiosity by the time they are adults. This is because of the 
schooling they receive and the generally negative attitudes 
of those in authority. Conventional education usually 
consists of imparting information uncritically from textbooks 
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and reproducing it during examinations. Teachers, and later 
bosses, discourage questioning of accepted wisdom and 
ultimately most people tend to fall in line as the easy way 
out. This happened in the case of Aristotle (384-322 bc), 
who propounded the theory that heavier bodies fall faster 
than lighter ones. This statement could have been disproved 
at any time by performing a simple experiment, but was 
dogmatically accepted for centuries. Ultimately, it was 
Galileo who disproved it by dropping cannon balls of 
different weights from the leaning tower of Pisa, showing 
that they all fell at the same rate. There were still many 
who refused to believe their own eyes! Such is the obdu¬ 
racy of a closed mind. 

There are some who however manage to retain their 
childhood curiosity and open mind even in adult life. They 
refuse to accept wisdom handed down and are not overawed 
by authority. They are the ones who make the best inven¬ 
tors. At times, even average people through conscious effort 
can overcome the imposed conditioning and if encouraged, 
can reach a respectable level of inventiveness. As an example, 
Japanese factories encourage their production workers to 
make suggestions for improvements and the latter often 
come up with ideas which fail to occur to highly trained 
engineers of the factory's R&D section. In our daily life we 
encounter many minor problems which can be easily solved 
if we apply our minds to them. 

Scientists and inventors, though different in tempera¬ 
ment, complement each other. Inventions are based on the 
knowledge of nature gleaned by scientists. On the other 
hand, inventions by increasing the general productivity and 
wealth of the society enable greater resources to be devoted 
to scientific research. Modern astronomy and nuclear 
physics, for example, require expensive telescopes and 
particle accelerators that only the wealthy industrialised 
nations can provide. 
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However, inventions do not always follow scientific 
advancement. On many occasions the invention came first 
and the basic understanding later. For example, James Watt 
built his engines before the science of thermodynamics 
was developed. The electric generator and motor were 
first invented by Michael Faraday and it was only later 
that James Clerk Maxwell developed the basic theory of 
electromagnetism. In both these cases, successful invention 
stimulated scientists to work on the basic science involved. 
The inventor, with his eyes on the end result, often arrives 
intuitively at solutions even without understanding the 
basic science of the process. It is then left to the scientists to 
explain how it works! 

Fortunately, the alienation and mistrust that existed 
between the scientist and the inventor in the early scientific 
era are gradually disappearing as both sides have come to 
realise the importance of each to the other and their 
combined importance to society. 
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It is an enduring mystery of life as to what makes people 
choose their life's vocation. Why do some people choose 
to become sportsmen while others become actors, doctors, 
musicians, politicians and so on? Even more difficult to 
understand is why some people become soldiers, explor¬ 
ers, trapeze artists or medical missionaries in jungles when 
they know well that these professions involve a high 
degree of personal risk and sacrifice. Presumably they 
are impelled by some deep inner urge, often strength¬ 
ened by their circumstances. When a person chooses a 
career in line with his nature, he derives satisfaction from 
life and often attains success. On the other hand, people 
who take up a career due to peer pressure or for finan¬ 
cial rewards often miss this satisfaction and seldom scale 
heights of success. 

Similarly, good inventors are those who have eagerly 
embraced their profession with the full knowledge of the 
difficulties, frustrations and rewards entailed. In many cases 
the circumstances of their lives have played a hand in 
shaping them. But above all, it is the qualities they develop 
through a lifetime of effort and self-discipline that ensure 
their success. 

In the famous detective series on Sherlock Holmes, 
Dr Watson, his friend, often declares that every keenly 
observant deduction of Holmes becomes absurdly simple 
once Holmes has explained it to him. So is our attitude to 
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inventions. Everything looks obvious and simple once it is 
developed and widely used. The working of the common 
zipper used in dresses is so easy to understand. But it was 
invented merely a century ago! The principle of an electric 
bulb is so easy to grasp, but how many of us are aware of 
the herculean effort that its inventor, Thomas Alva Edison, 
had to put in to develop it? The great inventor is one 
who is able to visualise the functioning and benefits of an 
invention before it takes a physical shape. He has the 
'inventor's eye' which comprises the ability, first to accu¬ 
rately visualise a public need and then work on the end 
product to satisfy it. 

This quality is inborn in great inventors. But average 
people can acquire this ability by keenly observing how 
things work and constantly asking themselves, "Is there a 
better way to do this?" Apart from helping to solve some of 
the problems that we encounter, it also makes life more 
enjoyable. 

A prime quality that a good inventor has is a percep¬ 
tive eye to what is happening around him. Accidents often 
play a role in invention. Charles Goodyear was bothered by 
the problem of rubber turning soft and his attempts to find a 
solution proved unsuccessful. He once happened to spill 
some rubber on a hot plate containing sulphur and to his 
amazement found the charred rubber piece quite hard. 
Today we know this process as vulcanising. William H. 
Perkin, a young chemist, discovered a very effective dye, 
mauveine, while looking for a way to synthesise quinine! 
'Serendipity' is the word that scientists use to describe this 
process of discovering an important scientific truth or 
solution by accident. But only conditioned and searching 
minds can profit by such accidents. If Goodyear had not 
been struggling to harden rubber he would not have 
recognised the significance of the accident. 

Though not widely recognised, emotional factors do 
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play a part in the success of an inventor. Obstacles and 
discouragement are very much a part of the inventor's lot 
and these can be overcome only by a strong inner drive. In 
some, this is evoked by the experience of seeing their family 
or community suffer a serious handicap or loss. In certain 
others it may be a desire to achieve success as a compensa¬ 
tion for the humiliations or hardships suffered in childhood. 
It could also be a longing to exercise power through 
inventing something useful and then building up an indus¬ 
trial empire based on it. But whatever be the reason, it is 
essentially a strong motivation which spurs the process of 
invention. 

Then a lot depends on the inventor's self- confidence. 
There can never be a dearth of Cassandras among the 
potential inventor's acquaintances who discourage him 
from pursuing the difficult task of inventing. A high level 
of self-confidence is called for to cross these hurdles to 
success. It is a different matter though, that once he 
succeeds the very same people who shunned him will sing 
a different tune. As one wag put it, there are three stages 
in the reactions to an invention—stage 1: "it won't work", 
stage 2: "it works but is unfit for wide application", stage 
3: "I thought of it first"! 

Self-confidence, like most human qualities can be built 
up through sustained effort. Inventors can cultivate it by first 
beginning with the simpler tasks and then gradually work¬ 
ing towards complex and complicated inventions. 

It is a fallacy to believe that individual inventors do not 
count any more in this world of giant corporations and 
. research laboratories. Chester Carlson, inventor of the xerox 
process and Edwin Land, inventor of the polaroid camera, 
were individual inventors who achieved what great corpo¬ 
rations in the field cannot even dream of. 

One of the major obstacles to invention is what might 
be called 'rut thinking'. Conventional education and 
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existing beliefs and opinions have the inexorable power to 
prejudice our thinking and force us to accept what has been 
handed down over the ages. It is necessary for the inventor 
to be free from such rut thinking. The Wright brothers would 
never have invented the aeroplane if they had blindly 
believed the learned men of their day who had 'proved' that 
bodies heavier than air could never fly. The navy, long used 
to sail-ships, resisted the introduction of steam ships; generals 
used to horse cavalry rejected the tank; and the first auto¬ 
mobiles on the road were viewed with such distrust that they 
had to have a man carrying a red flag in front of them! There 
is a streak of conservatism in the human mind that makes it 
resist change until the benefits of the change become too 
obvious to be denied. The inventor too is prone to this 
weakness and has to free himself with a conscious effort. 
For example, even the great inventor Edison resisted the 
introduction of alternating current for power supply since 
he was used to working with direct current. As such, 
Einstein wisely advised all scientists to spend "one hour, 
each day, in rejecting the opinions of others". In such a 
situation would it not be advisable for the inventor to spend 
some time, each day, questioning his own preconceived 
notions! 

Equally important, the inventor has to systematically 
study and harness his own nature to improve upon his 
ingenuity. Continuous effort is the price one pays for 
continued success. Natural endowments rarely bring 
success by themselves. No athlete, howsoever well- 
endowed physically, becomes a champion without under¬ 
going arduous training and discipline. No musician attains 
the heights of his profession without rigorous training and 
practice. And this is a career-long task; so it is with the 
inventor too! 

However, human nature is so infinitely variable 
that what works for one individual need not work for 
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another. Broad approaches can be indicated but it is for 
each individual inventor to study and find out what works 
best for himself, for after all he knows himself best! 
One widely accepted belief is that for every individual there 
are periods of heightened creativity and others of lesser 
intensity. For some it occurs early in the morning, for 
others, while they are dropping off to sleep or may be in 
the middle of the night. Such creative periods have to be 
identified and put fully to use. Physical condition too is 
important. Creativity does not function well when the body 
is ill or exhausted. An inventor needs to maintain good 
health for success in his work. 

The technique of brainstorming is a well-recognised 
method of increasing creativity. When a group of people toss 
a problem around for discussion, solutions can emerge 
unexpectedly due to the interplay of many minds. Some 
inventors are known to invite their non-technical staff to 
take part in such discussions since at times an uninvolved 
mind can look at the problem from a different perspective. 
One can even brainstorm by oneself. But the key require¬ 
ment is suspension of criticism during this phase of work. 
The inventor has to train himself to first uncritically look 
at the possible solutions before evaluating them with an 
unbiased mind. 

Above all, the inventor must learn to use his subcon¬ 
scious mind. Tough technical problems are rarely solved by 
wrestling with them. The solution most frequently occurs 
later, when the mind is in a state of relaxation or engaged 
elsewhere. A good inventor has to train himself to alternately 
work and relax so as to'give the subconscious mind the 
chance to |ome up with a. solution. Of course, the subcon¬ 
scious miridfcannot work in, a-vacuum. Preliminary study 
’ and a careful weighing of options are necessary precondi¬ 
tions. Flashes of"intuition occur only to those who have 
trained themselves for it. 
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What makes inventors tick is a combination of the 
above factors. Innate ability alone does not make an inven¬ 
tor. Sustained and systematic effort is necessary. As 
Thomas Alva Edison put it, "Genius is 95 per cent 
perspiration and 5 per cent inspiration." All of us, the 
so-called 'average' people, can significantly enhance our 
problem solving capacity by employing techniques 
that great inventors consciously or unconsciously make 
use of. 



4 


THE PROCESS OF INVENTION 


It is a common observation that not all doctors are equally 
successful in their practice despite possessing the same 
requisite qualification. Similar is the case with lawyers, 
accountants and all professionals engaged in individual 
labour and effort. Inventors too come under this category. 
We all admire great inventors but have we ever thought of 
the fact that for every successful inventor there are count¬ 
less others who have failed miserably! What accounts for 
the difference? Successful inventors are those who 
consciously or unconsciously adhere to certain basic 
principles involved in inventing. 

The first important point is to make the right choice of 
what is to be invented. This is no easy matter, for certain 
pre-requisites are essential. Firstly, the invention must be 
basically feasible (several inventors have wasted their lives 
in trying to invent a perpetual motion machine!) and must 
satisfy a public need. Such needs are sometimes evident 
and sometimes, not so evident. For example, the need for 
desalination of sea-water or harnessing solar energy to 
generate electricity is universal. On the other hand, people 
did not feel a crying need to replace the button or lace in 
the dress, but the zipper has proved a smashing success 
because it is quicker arid easier to use. In this regard, indus¬ 
trialists and sales-people, being in close touch with the 
masses often have a shrewd idea about what the people 
need and what will prove commercially successful. The 
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inventor could tap their knowledge to identify what needs 
to be invented. It is also advisable to have two or three 
different ideas of invention so that if one fails the other can 
be taken up. Keeping all eggs in one basket is not a wise 
move in the uncertain business of invention. 

The next step is to check if anyone else has already 
patented what the inventor has in mind. It is not necessary 
to have a working product to file a patent. A concept can 
also be patented. Many an eager inventor has spent 
considerable time and effort on an invention before 
discovering to his dismay that somebody else has already 
patented the idea. 

A thorough study of any previous work in the field 
can prove helpful in avoiding already tried unworkable 
solutions. But how deep this study should be is a matter of 
some controversy. Quite a few inventors feel that studying 
the work of others very intensively tends to create precon¬ 
ceived notions, hampering the process of invention. Hence, 
this has to be decided by the inventor himself. 

Before embarking on an invention a clear formulation 
of the problem is necessary. The problem also has to be 
subdivided into several parts so that each can be tackled in 
succession or simultaneously, depending on the circum¬ 
stances. The core of the problem should receive the 
maximum attention. For example, when inventing a 
mechanical or electrical device, concentration should be on 
making it function and not getting side-tracked into 
questions of how it can be mass produced or what its pro¬ 
duction cost will be. These should be considered later. 

The next step is to think out the solution. This is the 
most crucial step in the process of invention. Here it is 
important to remember that unlike mathematical problems, 
problems of invention have no unique solutions. It is 
possible to achieve the same performance by a number of 
configurations. At this stage, it is best to keep an open mind 
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and compile all possible solutions that occur. The inventor 
must be prepared to capture and record ideas any time 
they occur. Ideas have a way of disappearing quickly from 
the mind. It would be good practice to always carry at least 
a pocket notebook and a pen. 

In the process of arriving at solutions the inventor must 
learn to exercise his subconscious mind. The history of 
inventions show that most inventions have come about as 
a result of alternate effort and cessation of conscious effort. 
Once the problem has been defined and an intense 
conscious effort made to solve it, it is best to lay the prob¬ 
lem aside and engage in some other activity. Meanwhile 
the subconscious 'cooking' is going on and the solution 
appears suddenly in a blaze of illumination. This is the most 
satisfying moment of invention. Sometimes it may be 
necessary to go back to conscious effort repeatedly before 
the subconscious answers. 

The next stage is to critically evaluate the solutions 
that have occurred. Not all solutions obtained through 
intuition are viable. In fact, most of them will fail the 
practicality or economic test. During this stage the inven¬ 
tor must be ruthless and impersonal in judging his own 
ideas. If required, he can take the help of others, so long as 
it does not compromise his priority to the invention. 

Perseverance is called for at this stage. The inventor is 
likely to see solution after solution failing the test, with the 
discouragement and caustic comments of peers adding to 
his problems. As one inventor put it:."Many great ideas have 
been lost because the people who had them could not stand 
being laughed at initially." Hence, it is at this stage that the 
inventor has to show determination and persistence till he 
succeeds. He can take heart from the experience of great 
inventors like Edison, who had to try out 2,500 materials 
to loca'te a ,gooc( filament for his lamp and F.P. Smith 
(Screw Smith, as he was fondly called) who devoted a 
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lifetime to invent and find acceptance of the modern 
marine propeller. 

But persistence does not mean bull-headed effort. To 
be really successful persistence has to be combined with 
flexibility. The inventor must be ready to discard solutions 
that are found to be wanting and try others, keeping the 
final goal clearly in view. In other words, the destination is 
fixed but the route is variable. 

When it comes to profiting from one's invention most 
inventors have failed miserably. Often it is the shrewd 
businessman or industrialist who profits ultimately! At 
times this is due to a conscious decision on the part of the 
inventor. An example is Michael Faraday, who deliberately 
turned away opportunities to grow rich as a consultant to 
industries since he preferred to concentrate on his scien¬ 
tific research. But mostly it is lack of business acumen which 
prevents inventors from becoming rich. In such cases, it is 
best for the inventor to take help from professionals like 
patent lawyers and government or private organisations 
specialising in commercialising inventions, even if it means 
foregoing a part of the proceeds. 

To sum up, inventive potential exists in a large num¬ 
ber of us; it is a fallacy to believe that this is confined only 
to geniuses. As the lives of many inventors described in this 
book will show, ordinary people have extraordinary 
capabilities. Self-belief and systematic effort ensured their 
success. Even if we cannot reach those heights, we certainly 
can improve our problem-solving capabilities by emulating 
their methods of study, thinking and working. 
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INDIA'S CRYING NEED FOR INVENTORS 


At its present state of development India is in dire need of 
inventors who understand its problems and are ready to 
work out solutions suited to its conditions. Methods 
employed in advanced nations are mostly inapplicable to 
developing countries. For example, large-scale, centralised 
generation of electricity, a standard practice in industrialised 
nations, fails the economy test when it comes to distribut¬ 
ing electricity to India's widely-scattered villages with 
populations of a few hundred each. What is needed is small- 
scale, decentralised generation of electricity through 
various resources like sun, wind, biomass, etc. A quarter of 
our harvested grain is destroyed by rodents. To counter this 
what is required is small, cheap and strong storage bins 
and not the towering grain elevators used in Canada. Our 
traditional agricultural implements are inefficient but they 
cannot be replaced by the giant combine harvesters used in 
Iowa. Our forests are being destroyed to provide firewood, 
but to prevent it can we supply our teeming millions with 
electric ranges? 

What we need at the moment is what the late E.F. 
Schumacher (author of Small is Beautiful) called 'intermediate 
technology'. Our productivity in agriculture and village 
industries has to be improved, but not at the expense of 
employment or scarce resources. Technology has to be modi¬ 
fied and adapted to satisfy the basic need of our people and 
that is, elimination of poverty. Development of technology 
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suited to Indian conditions is the need of the hour. 

Indian inventors have to concentrate on improvement 
of agricultural implements, development of safe storage 
facilities for agricultural products, generation of 
decentralised power, building of low-cost housing, protected 
water supply, etc. Enthusiastic Indian inventors will find 
no dearth of problems requiring attention! The country can 
stand to benefit more from one inventor of a low-cost house 
for our masses than from a dozen Nobel laureates. 

In the past India did not produce any great inventor. 
This was not because of our incapability, but primarily 
because the thrust of our society was spiritual and not 
material. But history has taught us the bitter lesson that a 
strong infrastructure is necessary to protect ourselves 
from foreign political and economic domination. Even 
spiritualism and culture cannot flourish in a climate of 
mass poverty and deprivation. People too preoccupied 
with the struggle for existence can hardly be expected to 
bother about culture or spiritualism. Hence, highly moti¬ 
vated and dedicated Indian inventors are needed to devote 
attention to the pressing problems of our country. 

The life-sketches of some extraordinarily effective 
inventors described in this book would, I hope, inspire some 
of our young men and women to emulate them and dis¬ 
cover ways and means of removing poverty and squalor 
from our country. 




GREAT INVENTORS 
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JAMES WATT: 

Harbinger of the 
Industrial Revolution 


'He increased the power of man', reads the epitaph on Watt's 
grave. No better words can summarise the importance of 
the work done by James Watt, the father of steam-power. 
His invention of the steam-engine greatly enhanced the 
speed of transportation besides paving the way for other 
types of energy that were to follow soon. In short, it marked 
the opening of the Industrial Revolution. 

James Watt was bom on 19 January 1736, in Greenock, 
near Glasgow, in Scotland. His father was a master crafts¬ 
man and merchant engaged in the shipping trade. Young 
James thus found himself surrounded by his father's tools 
right since childhood. He took to them like a fish to water 
and revelled in constructing things with his own hands. His 
delicate health made his parents reluctant to send him to a 
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formal school. This provided him greater opportunities for 
self-learning. His skill and inventiveness became evident at 
an early age. 

The story of James Watt observing the lid of a kettle 
being lifted up by steam and inferring the power of steam 
therefrom is probably apocryphal. But there is no doubt about 
his ability, since an early age, to come up with startling 
improvements on any machine or instrument that he chose 
to study. He was to leave his mark of creativity even on 
fields not connected with engineering. 

When James was seventeen, his mother passed away. 
This impelled him to leave Greenock for Glasgow to become 
an apprentice instrument-maker. He learned little in the one 
year that he spent there from his master, a spectacle-mender, 
but it helped him come into contact with faculty members 
of the University of Glasgow. This was to have a profound 
effect on his career later. 

In January 1755, James left for London to learn the trade 
of an instrument-maker. Today, it may seem difficult to 
believe that the journey from Glasgow to London, roughly 
550 kilometres, took him (on horseback) twelve days! This 
was so because there were no powered vehicles in those 
days and strangely enough. Watt himself was ordained to 
do much to change this situation. 

James spent the next one year in learning the intrica¬ 
cies of making compasses, theodolites, etc. from the master 
instrument-maker, John Morgan. But, he was ill at ease with 
the living conditions in London. He dared not freely walk 
on the streets after dusk. In those days, the Royal Navy em¬ 
ployed 'press gangs', groups of tough and rough sailors, who 
roamed the city after dark to kidnap young men and force 
them to serve on their ships! 

With great relief James returned to Glasgow and tried 
to establish himself as an independent instrument-maker. 
To his dismay he found that it was impossible. According to 
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the guild rules of the day he had to spend seven years as an 
apprentice. Here his old connections with the University of 
Glasgow now paid off. In 1757, he was appointed a math¬ 
ematical instrument-maker to the University (not covered 
by guild rules!) and allowed to open a shop in the campus. 
So well did James do that he took on a business partner two 
years later. 

During this period, James' remarkable inventive pow¬ 
ers began to blossom. He became the court of last resort for 
faulty instruments, irreparable by others. 'Take it to James', 
was the inevitable decision in such cases. His name spread 
far and wide, so much so that even musicians brought their 
instruments to the utterly unmusical James for repair! He 
was a master at not only understanding the working of any 
instrument given to him but was even able to suggest 
improvements hitherto not conceived by musicians them¬ 
selves. It was he who vastly improved the performance of 
the organ. 

In July 1764, James married Margaret Miller, a distant 
cousin. It was to be a happy marriage until terminated by 
her death. The nervous and workaholic Watt benefited 
immensely by her company and care. 

The turning point in his career came in the winter of 
1763-1764, when Prof. John Anderson of Glasgow Univer¬ 
sity asked him to repair a model of the Newcomen steam- 
engine. Here a short digression is necessary to understand 
Watt's contribution. 

Coal was the sole abundant fuel in England and was 
mined extensively to keep the hearths in houses and 
foundries running. However, mines often tended to get 
flooded by subterranean water which had to be pumped 
out by human and animal power. The entire process was 
much too slow and tedious. In 1712, Thomas Newcomen 
came up with a steam-engine which could do the job 
better. He raised steam in a boiler and passed it into a 
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cylinder-and-piston mechanism by manually opening a 
valve. The steam pushed up the piston and the rod attached 
to it. Cold water was then sprayed into the cylinder. The 
steam condensed and air pressure pushed the piston rod 
down. The cylinder was then evacuated by opening an¬ 
other valve and the process repeated. The up-and-down 
motion of the piston rod was made to work a water-pump 
through a link mechanism. Clumsy though it seemed, it 
was a great improvement over the existing facilities. It came 
to be widely used but consumed far too much coal for the 
work it did. 

James Watt with his ingenuity was able to repair the 
Newcomen engine but was intrigued by the fact that it 
stopped after a few strokes of the piston. He tried increasing 
the intensity of the fire in the model boiler but found no 
significant improvement. For months together he wrestled 
with the problem. So obsessed did he become with it that he 
neglected his other work, causing acute anxiety to his wife. 

In the best traditions of invention, the solution to the 
problem struck him during a Sunday-aftemoon walk when 
not engaged in work. In April 1765, it came to him that 
condensing the steam in the cylinder itself by a spray of 
cold water led to heavy heat losses and hence low efficiency. 
The solution was to keep the cylinder as hot as possible by 
steam-jacketing it and exhausting the steam into a sepa¬ 
rate vessel (now known as the condenser), maintained at 
sub-atmospheric pressure by an air evacuation pump and 
kept cool by circulating water. However, the impatient 
James had to wait for the next day to try it out. And to his 
unbounded delight the modified model worked perfectly! 
This model is now a star exhibit at the National Science 
Museum in South Kensington. 

But then, making a tiny model work is one thing and 
scaling it up to a large size quite another. James could not 
have visualised that more than a decade of relentless toil 
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and heartbreak was needed before success was to crown his 
efforts. The crux of the problem lay in the fact that cylinders 
could not be bored accurately in those days and as such the 
steam escaped through the gaps. Further, he lacked the 
finances necessary for sustained work on the steam-engine. 
Compounding these problems was the fact that James was 
a perfectionist, inclined towards endless tinkering till he 
could turn out a perfect model. 

James Watt was a typical inventor. He was high-strung, 
living in his world of ideas, completely oblivious to the busi¬ 
ness aspect of his discovery. He was fortunate that he was 
able to attract Dr Joseph Black, a professor of medicine at 
Glasgow University. This doctor encouraged Watt constantly 
and even lent him £1,000 (a large sum for those days) to 
continue his work on the steam-engine. When even this 
ran out, he recommended him to Dr John Roebuck of 
Birmingham. Roebuck too was a medical doctor, but 
endowed with a mechanical bent of mind and sharp 
business acumen. He owned a coal-mine and thus steam- 
operated pumps aroused his interest. But it so happened 
that James failed to impress him much and consequently 
received limited support. 

In 1766, due to financial straits, James became a land 
agent and civil engineer, a profession for which he was hardly 
cut out. Once, when sent to London to plead a client's case 
before the parliament, he failed miserably. On his way back, 
he visited the works of Mathew Boulton and his partner, Dr 
Small. The former was to play a major role in Watt's career 
subsequently. Many believe that had it not been for Boulton, 
Watt could never have become the father of steam-power. 
However, on this visit Boulton happened to be away, but Dr 
Small perceived Watt's inherent ability and advised him to 
patent his steam-engine. This was granted in January 1769. 
On another occasion. Watt met Boulton who took an instant 
liking to him. 
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Mathew Boulton was many things that James Watt 
was not. He was healthy, an extrovert and enjoyed 
company. He was also a good organiser and financial 
manager. Recognising Watt's inherent inventive capacity 
he soon took charge of things. He gave unstinted support 
to Watt throughout his life, even on occasions when Watt 
ungenerously did not reciprocate! He was a model employer 
to his workers. Providence could not have selected a better 
man to help James Watt. 

Dr Roebuck ran into financial difficulties and became 
bankrupt. His creditors took no notice of Watt's engine. At 
this juncture Boulton invited Watt to come over to Birming¬ 
ham and become his partner. Watt readily agreed, distressed 
as he was at the loss of his wife and newborn child at this 
time. 

With Boulton's patronage. Watt, now nearly fortyyears 
old, could at last do what he was best suited for—concen¬ 
trate on inventive work while somebody else took care of 
the organisational and financial aspects. However, he was 
still stymied by the problem of making a proper cylinder. 
He tried various packing materials to reduce the consequent 
escape of steam. None worked. In stepped Boulton with his 
vast knowledge of the industrial world, to rescue the 
frustrated Watt. He asked Watt to approach John Wilkinson 
of Bersham who had found a method of boring iron cylin¬ 
ders accurately. Immediately such a cylinder was ordered 
and it worked perfectly to Watt's delight! With his keen 
business acumen, Boulton also persuaded Watt to get his 
patent extended by twenty-five years. This was done on 22 
May 1775 (but not before Boulton rushed to London on 
Watt's desperate plea to use his persuasive powers on the 
parliament members). This wise step helped to counter the 
several legal objections raised to their proprietary rights on 
the steam-engine, once it proved successful. 

James Watt, the perfectionist, would never have been 
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able to decide when to release his invention for commercial 
use. Here again the more practical Boulton stepped in and 
pressed him into accepting two commercial orders: one for 
Bentley Company's colliery at Bloomfield and the other for 
John Wilkinson's blast furnace at New Willey. The two 
engines having a cylinder each of diameter 125 cm and 
stroke of 210 cm were installed in March 1776. Both worked 
well after the initial teething troubles were overcome. They 
consumed one-fourth of the fuel that a comparable 
Newcomen engine would. For the first time a newspaper 
report appeared on the engines. Possibly none other than 
Watt and Boulton realised the historic significance of the 
occasion. They were witnessing the birth of the Industrial 
Revolution. 

In 1776, Watt married a second time. His bride was Ann 
McGrigor of Glasgow. She proved a sensible wife and an 
affectionate stepmother to his children from the previous 
marriage. Thus, for a second time. Watt was lucky in being 
blessed with a quiet and stable home environment, so 
essential for an inventor to devote himself to his work. Watt 
simply disliked the atmosphere and regular work in a 
factory. He carried out his experiments in workshops built 
adjacent to his own home. The considerate Boulton allowed 
him a free hand in all this, conscious as he was that he was 
dealing with a sensitive and creative mind. 

Boulton and Watt set up another steam-engine near 
Coventry in 1777. The fame of the engine was now 
spreading far and wide. A few engines were set up in 
France. Erecting such huge engines (one of them had a 
cylinder with diameter of over 150 cm) on site was an 
arduous task involving many hurdles. And to add to it all, 
James Watt was not the man suited to handle this task. So 
Boulton once again came to his rescue. He sent a foreman 
by the name of William Murdoch to take over the erection 
of engines and he did do an excellent job. 
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The ever-creative Watt was now engaged in develop¬ 
ing a copying process for documents which was used widely 
until typewriters were invented a century later. Another 
innovation of his was the three-bar motion which allowed 
both reciprocating and rotary power delivery. Next was 
the development of the double-acting steam-engine, in 
which steam was admitted to both sides of the piston, thus 
increasing the power output greatly. The sun-and-planetary 
gear mechanism that he developed enabled the reciprocat¬ 
ing motion of the piston to be converted into rotary 
motion. 

The first commercial double-acting rotary steam- 
engine was built in June 1784; it proved a success. In 1788, 
Watt invented the centrifugal governor which automati¬ 
cally regulated the speed of the steam-engine. 

It was Watt's work that ushered in the Industrial 
Revolution and enabled England to lead the industrial world 
for the next eighty years. More and more food and indus¬ 
trial goods were being produced and they could now be 
easily transported through the steam-engines. Travel 
became faster, enabling nations to become more homoge¬ 
neous and united. 

Progress in harnessing steam-power was swift in the 
period following James Watt's steam-engine. Multi-stage 
expansion of high pressure steam in successive cylinders 
increased the output and efficiency. Robert Stephenson was 
the pioneer in harnessing steam-power to move goods and 
people through railways in the 1820s. The development of 
electrical power following the discovery made by Michael 
Faraday, in 1831, depended mainly on steam power— 
initially through the steam-engine and later through the 
development of the steam turbine by Charles Parsons and 
Gustaf de Laval in the 1880s. 

The last years of James Watt's life proved to be far 
more relaxed and prosperous than the earlier ones. He was 
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rich and famous; he now had the satisfaction of seeing his 
son take over his firm. He continued to tinker in his 
workshop even after his retirement in 1800. He passed away 
quietly on 17 August 1819. 

James Watt is to be counted among the few people to 
have played a pivotal role in human history. His work had a 
far greater impact on the lives of men than that of monarchs, 
politicians or officials. Developing the steam-engine at a time 
when metallurgy, manufacturing and thermodynamics did 
not exist, as sciences was a stupendous task, which only 
Watt's resourcefulness and perseverance could achieve. 
James Watt would always find a place in the galaxy of great 
inventors. 

In the course of time technological progress has left the 
steam-engine behind. Now locomotives are powered either 
by diesel engines or electricity. Power generation and 
marine propulsion too no longer use steam-engines. Even 
steam-power in general finds its main application in 
electrical power generation alone. However, the fact 
remains that all these later developments became possible 
only because of the powerful initial momentum provided 
by Watt's steam-engine. In that sense, he holds the right to 
be regarded as the father of the Industrial Revolution. 
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ELI WHITNEY: 

Unexpected Fallout 
of an Invention 


Almost all inventions are double edged. They can damage 
as much as they can benefit. The aeroplane, so useful in 
peacetime for quick transportation of people and goods, is 
also the means of raining death and destruction during times 
of war. Same is true of large rockets and chemical explosives. 
Nevertheless, these consequences could at least be foreseen 
at the time of their invention. But there are some inventions 
which have disastrous consequences not evident to the 
inventor or to anybody else at the time of their invention. 
Such was the case of^the cotton gin, invented by Eli Whitney 
of USA in 1793. This basically simple invention, meant to 
make cotton cleaning faster and easier, resulted in prolong¬ 
ing slavery in southern USA. Several decades of misery had 
to be endured by the black people of southern USA before 
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the American Civil War of 1861-1865 brought them 
deliverance^ 

4s the case of the cotton gin shows, scientific or 
technological breakthroughs can often lead to unprec¬ 
edented consequences^ Abundant caution and consider¬ 
ation have to be exercised by both scientists and society at 
large before adopting a scientific invention. Many a nuclear 
scientist has lived to regret his role in the development of 
the atomic bomb after the Hiroshima holocaust. Somewhat 
similar could be the case of some scientists engaged today 
in fields like genetic engineering. 

The author of this fateful invention, Eli Whitney, was 
bom on 8 December 1765, in Westborough, in the state of 
Massachusetts, USA, in a farmer's family. He was gifted with 
manual dexterity and a keen, enquiring mind. At the age of 
sixteen, after only a few years of schooling, he set up a 
workshop to manufacture nails and other small items not 
easily available due to the American revolutionary wan 
Though successful, he was suddenly seized by a desire to 
undergo formal education. He was successful in this too, 
graduating from the famed Yale University in 1792, 
supporting himself during study through part-time work. 

Whitney now wanted to enter the legal profession. He 
travelled to the state of Georgia in southern USA (where 
cotton was grown as the main crop) to take up the post 
of a tutor to some children in a cotton plantation, to 
support himself while studying law. On arrival, he found 
that the post had already been filled (there was no 
telegraph or telephone then for quick communication). 
Reluctant to go back, he accepted the offer of a newly struck 
acquaintance, Mrs Greene, to support him while he looked 
for work. Mrs Greene was to benefit much from her 
generous invitation. Whitney put his inventive powers to 
use and built a number of domestic appliances to help her 
in household chores. So impressed was she that she pressed 
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him to tackle the biggest technical problem of the south, 
the cleaning of cotton. 

The chief crop in the southern states of USA was cotton 
(nicknamed 'King Cotton'). Its cultivation required back¬ 
breaking labour under the hot sun and hence was avoided 
by Americans of European descent^piack slaves, kidnapped 
from Africa and often transported under conditions of 
appalling cruelty, were made to toil on the farms. Economic 
compulsions made the southerners justify slavery; even the 
law of the land justified the treatment of the slave as the 
property of his master! Cotton cultivation was however not 
easy. To obtain the fine cotton demanded by the market it 
was necessary to fully separate the green seeds from the 
cotton boll and a slave doing it manually could manage 
only one pound in a dayllt was the intervention of Eli 
Whitney which altered the situation greatly. Whitney ironi¬ 
cally was an American from northern USA, where cotton 
was not cultivated and where slavery was not widely 
prevalent. 

Whitney applied his ingenuity to the problem and 
came up with a solution in ten days flat! The machine which 
he built and which came to be called the 'cotton gin', had a 
revolving drum with sharp, wire-sized teeth. When cotton 
was fed over this drum, the teeth tore out the fibres from 
the seeds, while revolving brushes removed the fibres from 
the teeth. The drum, depending on its size, could be 
operated by a man or a horse or water power. It was simple 
to build and could do the work previously put in by 50 to 
200 slaves. No wonder this technique quickly caught on 
and cotton cultivation became highly profitable and slaves 
became very valuable! 1 

Whitney first demonstrated his machine in April 1793 
and a year later, obtained a patent for itjln cooperation with 
a business associate in Georgia he undertook its manu 
facture, but with disastrous financial loss.\His machine was 
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so simple to build that it could be (and was!) widely 
pirated and Whitney's expensive law suits failed to stop it 
It was not until 1807, a full thirteen years later, that he 
succeeded by legal action in getting a modest return for his 
invention .\ The invention which was so economically and 
socially viable brought its creator very little in return. But it 
succeeded in establishing Whitney's reputation as an 
inventor. K 

Theclisappointed Whitney turned his attention to other 
fields. The fledgling United States was eager to build up an 
indigenous arms industry and reduce her dependence on 
European arms suppliers. It is difficult for us to imagine this 
since the USA is today the greatest industrial and military 
power in the world, but then, such are the twists and turns 
of history! Whitney had no difficulty in securing a govern¬ 
ment contract in June 1798, to produce and deliver 4,000 
muskets by September 1799 and another 6,000 a year later. 

In those days manufacturing was very much a 
craftsman's job. Parts were individually hand-made and 
assembled together. In producing his cotton gins Whitney 
had developed many machines for manufacturing its parts. 
He believed that if the parts were made by machines as per 
certain specifications not only would the production be 
faster but also the parts could be interchangeable, making 
assembly and repair easier. This is what we today refer to 
as mass production. Of course, Whitney was not the only 
one thinking along those lines. Several European and Ameri¬ 
can inventors were also trying it out, but Whitney was 
certainly one of the earlier and more successful ones. 

The task proved to be far more complex than Whitney 
had anticipated. Muskets required much higher precision of 
manufacture than cotton gins. Endless problems cropped 
up. Whitney was able to deliver the first 500 guns only in 
1801, almost two years later than his earlier commitment. 
It became 1809 before he could fulfil the contract—almost 
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nine years behind schedule. The government also had to 
pump in much more money than originally anticipated. 
But the government's patience paid. Whitney's works in 
New Haven, Connecticut became the forerunner of subse¬ 
quent armament factories besides helping in the mass 
production of civilian goods. 

Eli Whitney passed away on 8 January 1825, in New 
Haven. His was a typical American success story: an 
individual of no wealth or standing who climbed high up 
the ladder of achievement through the sheer dint of labour. 
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Michael Faraday is widely regarded as the greatest 
experimental scientist the world has ever known. Modem 
electrical power, on which a majority of our activities 
depend, was developed on the basis of the electrical 
generator and motor invented by him. Yet, Faraday never 
completed his schooling and his formal training in 
experimental science, and mathematics was almost nil. 
His triumph was essentially due to his interest in science, 
his strong motivation and his remarkable perseverance. 

Faraday was bom on 22 September 1791, in what is 
now a part of London. His father was a blacksmith, whose 
poor health prevented him from working regularly. As a 
child Michael had to face all kinds of deprivations and pov¬ 
erty. But, love and emotional security were provided to him 
in abundance by his impoverished parents. He also imbibed 
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from them a deep religious faith, which fortified him 
during periods of stress and helped preserve his humility 
when success and fame came his way. 

At the young age of thirteen, Faraday was forced to 
give up schooling to become an apprentice to a bookseller 
and binder. The employer, a refugee from France, was a 
considerate soul and allowed the keen boy to browse 
through the books in the shop during his free time. Fara¬ 
day became a voracious reader, particularly of books 
dealing with science. In 1812, a friendly customer gave him 
(now a young man) some tickets to attend the popular 
lectures of Sir Humphrey Davy, the scientist who invented 
the Davy's Lamp. This marked the turning point in 
Faraday's life, but for which he might have spent his entire 
life as a frustrated book-binder. Faraday eagerly devoured 
every word uttered by the renowned scientist and took 
meticulous notes of his lectures. He then showed them to 
Davy to prove his interest and begged him to employ him 
as an assistant. Davy, with his uncanny intuition, discerned 
the potential in this humble youth and offered him the post 
of laboratory assistant. Needless to say, Faraday eagerly 
grabbed the opportunity. Davy never had any reason to 
regret his decision. In fact, towards the end of his career, 
when asked what his greatest discovery was, pat came the 
reply: "Michael Faraday". 

In October 1813, Faraday accompanied Davy and his wife 
on a lecture tour of France and Italy. A grim war was raging 
between England and France, but Napoleon Bonaparte, a lover 
of science, invited this English scientist to lecture in his country 
and the British Government permitted it! 

Faraday benefited by his contacts with European 
scientists. So much did he value this that he patiently 
endured the ill-treatment meted out to him by Mrs. Davy, 
who looked upon him as being one socially inferior trying 
to rise above his station in life. 
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In April 1815, Faraday returned to England along with 
the Davys, and immediately plunged into research. He was 
now able to work on his own. In 1821, he married Sarah 
Barnard. The marriage was a happy one, though they 
remained childless. 

Basically Faraday was more a chemist than a physi¬ 
cist. In 1820, he discovered two new compounds of 
chlorine; in 1825, he discovered and analysed benzene. 

Gradually Faraday was also attracted to electromag¬ 
netism. Hans Christian Oersted had demonstrated in 1820 
that a current-carrying wire created a magnetic field around 
it. Faraday proceeded further than this and proved that a 
current-carrying wire, if mounted to allow rotation, would 
rotate about fixed magnetic poles. This was the first step in 
establishing the inter-convertibility of electricity and 
mechanical work. He later discovered the phenomenon of 
electromagnetic induction, that is, generation of a current 
in an electrical coil by varying the strength of a magnetic 
field surrounding it. This is the underlying principle of the 
electrical transformer. 

Faraday's greatest discovery and with it the dawn of 
the electrical age, came in October 1831. He established that 
a conducting wire, moved so as to cut the lines of force 
between the poles of a magnet (permanent or electromag¬ 
netic), generated a current in the wire if it formed part of a 
closed electrical circuit. That is, the mechanical work done 
in moving the conductor across the magnetic field can be 
converted into electrical energy. He further established that 
the reverse process was also possible. If a current were passed 
through the wire from an outside source, it could move, 
doing mechanical work. In this case, electrical energy is 
being converted into mechanical energy. These two discov¬ 
eries form the basis of the electrical generator and the 
electrical motor. But this was not understood by many at 
that time. An old lady asked Faraday on the use of his 
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discovery. Replied Faraday: "Madam, what is the use of a 
new born baby?" 

Faraday also showed that electrical energy remains the 
same whether it is produced by friction, or by electro¬ 
magnetism, or electrochemical means. His work on 
electrolysis was also epoch-making. In 1834, he formulated 
his famous laws of electrolysis. The first law states that the 
mass of a substance liberated in electrolysis is proportional 
to the quantity of electricity passed through the electrolyte. 
The second law states that the masses of multiple 
substances liberated in electrolysis, for the same quantity 
of electricity, are governed by their respective chemical 
equivalent weights. Many of the terms that we use today, 
such as 'anode', 'cathode' and 'ionisation' were coined by 
him. 

Faraday's last significant discovery was made in 1845. 
It concerned the interaction between magnetism and light. 
He proved that when plane-polarised light is passed through 
a glass of high refractive index, the plane of polarisation can 
be rotated by an intense magnetic field. 

The decades following 1831 witnessed rapid progress 
in the field of electricity, the foundations for which had been 
already laid by Michael Faraday. It was found that an alter¬ 
nating current (Faraday worked with direct current), in 
which the voltage varies cyclically, is far better suited to 
generation and distribution of large-scale electrical power. 
This was proved by Nikola Tesla, Werner von Siemens and 
Charles Steinmetz. The development of transformers, 
polyphase generation, steam turbines, etc. followed in quick 
succession. Another scientist, James Clerk Maxwell, provided 
the theoretical foundation. Maxwell's brilliant work on 
the electromagnetic field theory underlies our present 
knowledge of electromagnetism (which played a role in 
Einstein's theory of relativity too). Modern developments 
in electronics and instrumentation have helped in 
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Fig. 3.1: Simplified layout of a steam power plant for generating electricity 
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achieving high efficiency in the generation, distribution and 
utilisation of electrical energy. 

Fig. 1 presents a simplified form of a modern electric 
power generation system. Falling water (hydroelectric), ther¬ 
mal or nuclear energy can be used to generate electricity. 
The voltage is stepped up by transformers to very high 
values (for example, as high as 345 kilo volts) and trans¬ 
mitted over long distances by transmission lines. At the 
consuming point, it is again stepped down (220 volts for 
domestic consumers) and then distributed. This electricity 
is used for lighting, for running refrigerators, air-condition¬ 
ing systems, etc. 

Modern industrial societies cannot exist without the 
boon of electricity. Industries, communications, medical 
services, domestic needs—there is hardly any facet of 
human activity which is not dependent on electricity. The 
main sources of energy for producing electricity are coal, 
water, natural gas and petroleum. The amount of energy 
produced and consumed by the modem society is so huge 
that the reserves of coal, natural gas and other fossil fuels 
can run out in practically no time at all. This was one thing 
that pioneers of electricity had not envisaged! A search for 
'renewable' sources of energy like solar energy, wind en¬ 
ergy, tidal energy, etc., from which electrical power can also 
be produced, is currently on. Nuclear energy, either based 
on fission or fusion, is also being studied as an alternative 
source, though many environmentalists have their reser¬ 
vations. There is greater awareness that energy must be 
used efficiently and sparingly and not as recklessly as 
seen in the developed nations (where electrically operated 
toothbrushes are in use). 

The man whose work made life easier for human¬ 
kind had to pay a heavy price for his success. Faraday's 
last years were marked by physical and psychological 
exhaustion. He gradually lapsed into senility and passed 
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away quietly on 25 August 1867. 

Faraday was possibly the greatest experimental 
scientist the world has ever known. But Faraday, the man, 
was just as great as Faraday, the scientist. His fight to 
overcome poverty, lack of education, ill treatment and dis¬ 
couragement can be a source of inspiration to mankind for 
years to come. At one stage in his career he deliberately 
gave up working as a consultant for industries so that he 
could concentrate on pure science. He stoically accepted 
the hardship that it entailed. It was the British monarch's 
intervention that helped secure for him a government 
pension. He spared some of his time and energy to inspire 
young school-going children to take up careers in science. 
His annual pre-Christmas lectures on science to school 
children were loved by them all (and by adults too). 

No tribute can be greater than what Sir William Bragg, 
the physicist, paid Faraday: "Prometheus, they say, brought 
fire to the service of mankind. Of that we cannot be sure, 
but electricity we certainly owe to Michael Faraday." 
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In the past few decades there has been a deluge of revolu¬ 
tionary communication devices like the satellite-linked 
telephones, telex systems, fax systems, e-mail, etc. But in 
much of the developing world, the fastest means of send¬ 
ing a message for millions of poor people is still the oldest 
of the rapid communication systems—the telegraph— 
invented by Samuel Finley Breese Morse about a hundred- 
and-sixty years back. 'Morse code' is now known through¬ 
out the world and perpetuates the memory of the great 
inventor. His success inspired subsequent inventors like 
Alexander Graham Bell, Edison and Marconi, to name a 
few. 

It is very rare to find people who achieve eminence in 
two completely unconnected fields. Genius is notoriously 
single-track minded! But Morse was a rare exception— 
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he was an artist (a portrait painter); he was above forty 
years of age when he became interested in telegraphy. It is 
a tribute to his rare ability that he succeeded in spite of this 
late start and lack of training in science. 

Samuel Morse was born on 27 April 1791, in 
Charlestown, Massachusetts, USA. His father, Jedidiah 
Morse, was a clergyman. His early education was in the 
Philips Academy in Andover, where he proved to be an 
erratic and indifferent student. Nevertheless, it was here 
that he developed an interest in electricity, which was to be 
revived years later. His parents sent him to the prestigious 
Yale College in the fond hope that he would take to some 
'respectable' profession. Much to their chagrin Samuel 
became interested in painting and decided to make it his 
career after graduation in 1810. 

On being assured of Morse's artistic ability, his par¬ 
ents sent him to England in 1811, to study at the Royal 
Academy of Arts. While he was there, war broke out 
between Britain and the USA in 1812. Morse was deeply 
hurt by the British contempt for Americans, but retained 
for life an intense admiration for the British taste in arts. 

Returning to the USA in 1815, Morse found that to 
earn a living it was necessary to become a portrait painter. 
He took it up, but success was elusive. After much effort 
and several lean years Dame Fortune smiled on him. He 
became a well-known portrait painter. Two of his most 
notable portraits are those of Maquis de Lafayette, the 
Frenchman who fought for American independence, and 
the other of President James Munro (the originator of the 
famous Munro Doctrine). Samuel Morse is today remem¬ 
bered as much as an artist as an inventor! 

Unlike many inventors, Samuel Morse was very 
sociable by nature. He was articulate, self-confident and a 
natural leader. He was politically active and contested for 
the mayorship of New York, where he settled in 1823. His 
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political views were highly conservative. He was intoler¬ 
ant of immigrants (forgetting that all white men in the USA, 
including himself, were immigrants or their descendants). 
He founded the National Academy of Arts in 1826, to 
promote public understanding of arts and was its presi¬ 
dent until 1845. He was happily married to Lucretia Walker, 
but she died after seven years of married life with him. 
To overcome his sorrow the depressed Morse travelled far 
and wide. 

During one of his return voyages from England on 
board the ship Sully in 1832, Morse witnessed a demonstra¬ 
tion which changed his life. He saw Dr Charles Jackson, a 
Boston physician amusing his fellow passengers with the 
power of the newly discovered force, electromagnetism, by 
alternately energising and de-energising an electromagnet 
which attracted iron nails and then dropped them. With his 
basic interest in electricity Morse realised that a combina¬ 
tion of interruptible electrical current and electromagnets 
could be used to convey messages over long distances 
through an accepted code. Thereafter, Morse became more 
of an inventor than an artist (he painted only one portrait 
after 1837). He spent the rest of the voyage pondering over 
his brain-child. He even coined a name for the system: 
'electric telegraph'. When disembarking at New York he 
told the captain of the ship, "If you should one day hear 
about a new world-wonder called the electric telegraph, 
remember the discovery was made on board your ship". 

His friends were mystified by Morse's sudden absorp¬ 
tion in a totally different field, though Morse knew exactly 
what he was doing. He built a crude telegraph in which an 
electromagnet at the receiving end traced lines of different 
lengths, through a pencil contacting a rolling sheet of paper. 
The length of the marks and the intervals between marks 
corresponded to different letters of the alphabet. Thus a 
message could be conveyed. But its range was only a few 
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feet. Morse then followed the invaluable advice of Prof. 
Leonard Gale, a colleague, to use relays to extend the range. 

During one of Morse's public demonstrations in New 
York University (where he was a professor of arts), a young 
man named Alfred Vail became deeply impressed by him. 
Vail had two points in his favour that Samuel Morse lacked. 
He had money (he was the son of a rich businessman) and 
was skilled with his hands. He entered into a partnership 
with Morse in September 1837 and the two set to work 
enthusiastically. By January 1838, the duo had succeeded 
in sending telegraphic messages upto 12 km. But this 
system with a pencil scratching on a paper was rather 
clumsy and Morse was on the lookout for an alternative. 
One day at work, he suddenly asked Vail: "Al, have you 
got a newspaper"? The puzzled Vail produced one. Morse 
then elucidated what was in his mind. 'E' being the most 
frequently used letter of the alphabet, as ascertained from 
the newspaper, was assigned a dot (.) by Morse. The next 
most commonly used letter't' was represented by a dash 
(-) and so on, till there emerged a combination of dots 
and dashes. A 'key' at the transmitting end was used 
to produce these dots and dashes which later became 
famous as the 'Morse code'. Trained operators at the 
transmitting and receiving ends could send messages across 
at incredible speed. Skill and speed with the Morse code 
was to become a much-admired accomplishment among 
operators (Thomas Alva Edison was later to become one of 
the best operators). 

Armed with the improved telegraph and support of 
the Vails (father and son), Morse confidently approached 
the Congress to finance a demonstration line. But because 
of an economic depression in the USA and opposition from 
vested interests he did not succeed. 

It has been a recurring feature in the history of inven¬ 
tion that a new invention which promises to supplant an 
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older one is opposed tooth and nail by those who profit by 
the older one, until the superiority of the new process 
becomes an accepted fact. Gas companies, for example, 
resisted the introduction of electricity. Similarly, poor Morse 
was at the receiving end when the incumbent postmaster 
general of USA, fearing the loss of his importance if the 
telegraph were to be introduced, lobbied strongly to stall 
the government approval of Morse code. 

The much-disappointed Morse turned to European 
nations. When a year's effort proved of no avail, he 
returned to the USA where he found the situation no 
better. Even Alfred Vail felt that Morse could be better off 
on turning to his paints and brushes! 

In desperation Morse made a vehement plea to the 
Congress to finance the laying of a telegraph line between 
Washington and Baltimore. He pointed out that the Europe¬ 
ans were at work in the same direction and if they succeeded 
it could bring discredit to the American nation. This had the 
desired effect. The Morse Bill was taken up by the Congress 
in March 1843. But vested interests again set to work behind 
the scenes and a despondent Morse took the train back to 
Washington before the proposal was put to vote. The next 
day, however, a well-wisher rushed into his room and excit¬ 
edly announced that the Bill had been passed by a narrow 
margin. 

The task of constructing the Washington-Baltimore line 
was given to Ezra Cornell (founder of the now famed Cornell 
University) under the supervision of Morse. Part of the 
difficulty faced was technical in nature. Insulation of the 
wire was a problem and at one stage Cornell had to 
remove part oh the already laid line to improve the insula¬ 
tion. The Work also suffered due to threats to the workers 
and uprooting of the. jerected telegraphic poles. It was 
discovered that the hostile postmaster-general was involved. 
He was soon removecPfram his post. 
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On 24 May 1844, Samuel Morse sent the first tele¬ 
graphic message over long distance: "What hath God 
wrought!" Thereafter progress was swift. The advantages 
of the telegraph system were quickly realised by business 
houses, the press, the government officials and others. Soon 
lines for carrying telegraphic messages started criss-cross¬ 
ing nations. 

As with many successful inventors, Morse had to 
contend with people who suddenly discover after the event 
that they had thought of it long before! But unlike most 
inventors Morse was a vigorous fighter and battled his way 
to final victory in the Supreme Court of the USA, which in 
1854 recognised his patent to the invention. 

The final years of Samuel Morse were spent in the glow 
of wealth, recognition and satisfaction. But he was no 
self-centred plutocrat. He was generous in supporting 
worthy institutions. The beneficiaries of his philanthropy 
included many colleges, churches and poor artists. On his 
eightieth birthday, a Morse Festival was organised in New 
York to honour him. He sent the following message on the 
occasion: "Greetings and thanks to the telegraph fraternity 
of the world. Glory to God, peace on earth and goodwill to 
all men." 

Samuel Morse passed away on 2 April 1872, after a 
life of achievement and satisfaction that can be the envy of 
most men. 
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Sad indeed is the lot of the lone pioneer who swims against 
the current of apathy, ignorance and hostility of his times. 
The fact that posterity often understands him better and 
honours him is of no consequence during his lifetime. 
Socrates paid the ultimate price for his convictions but is 
today ranked among the all-time great thinkers. Even in a 
technical subject like science one cannot forget the ordeal 
that Galileo went through. His predecessor, Nicolaus 
Copernicus, was smarter for not revealing his theory of the 
solar system until he was on his death-bed! Somewhat bet¬ 
ter, but still bitter, was the fate of Charles Babbage, the 19th 
century English mathematician, who with amazing insight 
thought up all the essential features of the modern computer 
and laboured prodigiously during his lifetime to turn them 
into reality. Sadly, all his efforts came to a naught in practice 
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and only drew derision from his contemporaries. His name 
went into oblivion till the development of modem comput¬ 
ers made scientists realise how prescient Babbage had been. 

It has been the dream of mankind to make machines do 
the laborious, uninteresting but necessary mathematical 
calculations involved in commerce, finance, census, etc. The 
earliest such device is the abacus, invented 2,500 years ago 
and which is still widely in use in the Far East. The inven¬ 
tion of the logarithm and the slide rule was the next major 
step several centuries later. In the 17th century, Blaise Pascal 
and Leibnitz developed the first mechanical adding machines 
using gear wheels. Then Charles Babbage came on the scene. 

Charles Babbage was born on 26 December 1792, in 
Teignmouth, Devonshire, UK in an affluent family. Most of 
his early education was through private tutors. From an early 
age, he stood out for his keen desire to know the how's and 
why's of everything. He entered Cambridge University in 
1810, to study mathematics. 

Here he discovered that he knew mathematics better 
than his teachers. At this time a bitter controversy was rag¬ 
ing on the priority for the invention of the calculus. Blind 
nationalism made English mathematicians follow Newton's 
system of calculus, whereas continental mathematicians used 
the more efficient Leibnitz system. It is said that for more 
than a century English mathematics lagged behind conti¬ 
nental standards on this account. Appalled by this situation, 
Babbage helped in founding the Analytical Society, which 
gradually broke down the chauvinistic resistance and 
brought English mathematics in line with that of Europe. 

Babbage graduated in 1814 and in the same year 
married Georgiana Whitmore. They had eight children of 
whom only three survived. 

While at Cambridge, Babbage was once engaged in 
checking an intricate calculation for the Royal Astronomical 
Society. To his exasperation he found that the mathematical 
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tables that he had to use were riddled with so many errors 
that it was impossible to correct them absolutely. They had 
been prepared through laborious human effort and suffered 
from successive 'rounding off' of the digits. It struck Babbage 
that only a machine capable of quickly and tirelessly work¬ 
ing them out to a large number of digits could produce 
accurate tables. Here was the beginning of an idea that 
would become the obsession of his life. 

After graduation, Babbage plunged into a variety of 
activities. He worked on the theory of functions in pure math¬ 
ematics and problems in applied mathematics. He helped to 
form the Astronomical Society in 1820, the British Associa¬ 
tion in 1831 and the Statistical Society of London in 1834. In 
1827, he had been made an honorary professor of mathemat¬ 
ics in Cambridge, even though he was highly critical of some 
of its teaching methods ("an instance of forgiveness unpar¬ 
alleled in history" was Babbage's reaction). 

Babbage had a fertile imagination and a wide range of 
interests in the earlier stages of his career. The fields he 
worked on included geophysics, meteorology, astronomy, 
probability and even the use of rings in tree trunks as cli¬ 
matic records! His inventions included the speedometer and 
the locomotive cowcatcher. 

As the years passed, Babbage became more and 
more absorbed, to the point of obsession, with the idea of 
inventing an effective calculating machine, the seed of 
which had been sown during his student days in Cam¬ 
bridge. The decades-long struggle in this quest was to turn 
the cheerful and extrovert young Babbage into a querulous 
and quarrelsome old man. 

The first calculating machine that he built in 1822 
employed the logarithmic table to compute polynomial 
equations. It was accurate upto six digits and proved 
quite useful. He called it the 'difference engine'. Not satis¬ 
fied with its capability, Babbage designed a machine with 
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twenty-digit accuracy and sought government aid to build 
it. It was given in 1823. 

Babbage spent the next ten years in trying to construct 
this machine. Since the concept was that of a purely mechani¬ 
cal system based on numerous gears (the science of electron¬ 
ics was then unborn and everything depended on the 
tolerances with which these gears could be produced). 
After a painful struggle, Babbage gave up and turned to 
another (and grander) idea which he called the 'analytical 
engine'. 

In concept and design the analytical engine was the first 
true computer. It contained many of the basic features of 
present-day computers, such as input-output devices, 
memory (which he called 'mill'), a central calculating unit 
and decision-making capability. But none of his contempo¬ 
raries had the vision to appreciate his ideas. 

The British Government, wary on account of his 
previous failure, refused to support the work on the 
analytical engine after some initial contribution. Stubbornly, 
Babbage went ahead on his own, starting in 1834. For 
input instructions he envisaged the use of punched cards. 
Feeler wires would actuate levers when card holes came 
into alignment. For the memory, he wanted a collection of 
1,000 columns of geared wheels! 

Then came forth a supporter for Babbage's analytical 
machine in the form of Lady Lovelace, who was the daugh¬ 
ter of Lord Byron. She understood his ideas perfectly and 
wrote out a program for its operation (she thus became the 
first computer programmer in history). But Babbage was 
again defeated by the purely mechanical nature of his 
machine. He unsuccessfully struggled with the problems 
till the end of his life on 18 October 1871. 

One of Babbage's prime drawbacks was his own 
nature. He had the tendency to aim for higher and higher 
performances from his machine, with the result that the 
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complications multiplied and finally defeated him. A less 
complicated machine could have been built and might have 
succeeded commercially also. Georg Scheutz, a Swedish 
engineer, built calculating machines of simpler type, based 
on Babbage's ideas and made a fair success of them. But 
then this 'all or nothing' attitude is quite common among 
highly creative and determined people. They are admired 
for their 'perseverance' or criticised for their 'obstinacy', 
depending on whether they succeed or fail! 

After Babbage, steady improvements in manufactur¬ 
ing techniques allowed fairly large mechanical calculating 
machines to be built'for use in census, astronomy, etc. But 
the real dawn of the computer age had to wait for the 
science of electronics (see chapters 2 & 3 of Part C). Today 
there is hardly a field of human activity not touched by the 
computer: finance, engineering design, navigation, weather 
forecasting, medicine, etc. The computer has revolutionised 
human life and the extent of its ultimate impact is difficult 
to foresee. If only Babbage were alive to see his dream come 
true! 
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HENRY BESSEMER: 

Pioneer of the Steel Age 


It is estimated that steel finds nearly one million applica¬ 
tions in the modem world. These applications range from 
delicate springs in instruments to massive girders in bridges, 
from the gleaming instruments of the surgeon to huge ships 
weighing thousands of tons. Steel is not only the most widely 
used metal, but also the most versatile. By adding small 
amounts of selected substances to iron and by manipulating 
the heat treatment, a wide variety of steels with a vast range 
of properties can be produced. 

Manufacture of this highly useful material began only 
one-hundred-and-thirty years ago, although its basic mate¬ 
rial, iron, has been known to man for thousands of years. 
This was because the effects of additives and heat treatment 
on iron were not understood till the sciences of chemistry 
and metallurgy were developed. 
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At the dawn of the iron age, men learned to produce 
iron by reacting its ore, mainly oxides of iron, with carbon 
(charcoal, coke, etc.). The iron produced, however, contained 
significant amounts of carbon, sulphur, phosphorus, silicon, 
etc., each of which had a strong effect on the properties of 
the metal produced. Gradually by experience the effect of 
carbon- came to be understood. Too little of it made the iron 
soft and too much of it made it brittle. In the range of about 
0.5 to 1.5 per cent carbon, the iron became strong as well 
as malleable steel. By the early 19th century, small quanti¬ 
ties of steel were being made at high cost by compressing 
iron slabs in layers of carbon and heating the whole pack¬ 
age out of contact with air. Such steel was far stronger than 
cast iron or wrought iron, but was too expensive to be used 
for construction purposes. One of the great pioneers who 
was responsible for cheap and large-scale production of 
steel was Sir Henry Bessemer, the originator of the 
Bessemer process. This process reduced the cost of steel by 
90 per cent and gave a decisive push to the Industrial 
Revolution. 

Henry Bessemer was bom on 19 January 1813, in the 
village of Charlton, in Hertfordshire, Britain. His father was 
a skilled foundryman and worked in France for many years. 
He became a member of the French Academy of Sciences for 
making improvements in the microscope. The French 
Revolution forced him to flee to England, abandoning his 
belongings in France. But the elder Bessemer did not leave 
behind in France his skill or energy. He became a producer 
of intricately patterned jewellery and amassed considerable 
wealth. Then he retired to the country to rest. But being active 
by nature he could not relax and so started a type foundry 
(in which letter types are produced for printing presses). 
Young Henry thus grew up in an atmosphere of metal 
production and metal working. No wonder his life's aim 
became the production of cheap steel. 
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As a boy, Henry enjoyed being in his father's foundry 
(without his knowledge!), the foul atmosphere notwithstand¬ 
ing. He left school and concentrated on learning the trade 
from his father. In 1830, when Henry was seventeen years of 
age his father shifted to London to pursue his business. 
Henry found London both exhilarating and depressing. 
Professional opportunities were greater but gone was the 
deference shown to him in the countryside as the son of an 
important local. He became determined to compensate for 
it by making a name for himself. He evolved a method of 
making delicate castings of flowers, leaves, etc., which 
allowed him to support himself. 

His inventive powers came to the fore when he 
developed the modified stamp paper for the British stamp 
office. Legal stamps were being merrily removed from 
documents and re-used by many, leading to loss of revenue 
for the government. Bessemer developed a method to 
imprint the stamp on the documents. But his fiancee had 
an even better idea. She suggested a machine for imprint¬ 
ing the date of use on the stamp itself by perforations. It 
worked perfectly, but Henry and his fiancee were paid no 
royalty for the idea. Being in no position to take on a 
government department so early in his career, Henry 
Bessemer waited and later in life was conferred knighthood 
in compensation for the injustice. Thus the 'Sir' added to 
Bessemer's name was not awarded for his famous converter 
but for an idea contributed by his wife decades earlier! 

Bessemer also invented a method for making cheaper 
lead pencils and a quicker process for typesetting. But no 
big money was to be made from these processes. Such an 
opportunity came with his method for making gold 
powder. It involved basically brass flakes, used as glitter to 
decorate figures and letterings. It was being imported at 
immense cost from Germany. The raw material was cheap 
but the production process was complicated. Bessemer 
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persevered to design a special machine to produce these 
brass flakes. He also proved equally adept at protecting his 
work from being copied. Only his highly paid and loyal 
brothers-in-law, three of them, were allowed to work on 
the machines. Success was immediate and ensured Besse¬ 
mer a life free from financial anxieties. Bessemer always 
considered this invention to be a greater achievement than 
his process for steel production. 

A great advantage that Bessemer enjoyed as an 
inventor was his total lack of preconceived notions, entirely 
due to his lack of formal education! He designed, for 
example, a very efficient crusher for sugarcane, having never 
before seen sugarcane in his life. He also got involved in 
improving optical and sheet glasses and in the silvering of 
mirrors. 

But the work for which the world remembers him is 
the Bessemer process of steel production. During the Crimean 
war (1853-1856), Bessemer designed an improved artillery 
projectile, but found that gun castings were not strong 
enough for its use. This set him thinking on producing a 
stronger metal. During his experimentations he noticed that 
whenever a blast of air passed over the surface of the molten 
metal, the surface glowed. Obviously some part of the melted 
metal was undergoing combustion. This prompted Bessemer 
to blow compressed air through the molten metal. He was 
pleased to note that no fuel was necessary for the process. 
The air helped to bum off the carbon, silicon, manganese, 
etc. to their respective oxides. Carbon dioxide was emitted 
into the air and the other oxides were absorbed into the slag 
forming at the top, to be removed later. The heat liberated 
by these oxidation reactions was sufficient to maintain the 
metal in the molten condition. Thus the process was not 
only economical but took only 25-30 minutes as against the 
several days taken by the earlier methods. 

Bessemer patented his process in 1856 and described 
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his method in a paper entitled "Manufacture of malleable 
Iron and Steel without Fuel". 

But Bessemer's process was not yet perfect. It was 
found that it worked well with pig iron containing a low 
concentration of phosphorus but not with iron of higher 
concentration. The steel produced in the latter case was 
too brittle. Consequently, the basic Bessemer process was 
developed. In this process, the converter is lined with dolo¬ 
mite, a carbonate of magnesium and calcium. Lime was 
added to the molten iron. Phosphorus and silicon were 
removed while calcium phosphate and calcium silicate were 
formed as slag. The spectacular rise in steel production in 
the USA after the Civil War (1861-1865) is attributed to the 
Bessemer process. 

During the final decades of the 19th century other steel¬ 
making processes were developed. The open-hearth process 
came to rival the Bessemer process and was superior to it for 
some types of iron ore. The electric-arc furnace came to be 
used for the production of very high quality alloy steels, 
which were free from nearly all impurities. The basic oxy¬ 
gen process, developed in 1970, is also used widely now. In 
the post-Second World War period, steel making made 
revolutionary progress due to two factors: advances in the 
science of metallurgy and of electronics. The structure and 
properties of steel are today much better understood than 
ever before due to instruments like the electron microscope. 
Solid-state electronic devices have enabled excellent 
monitoring and control of steel-making processes. In a 
modern Japanese steel mill, for instance, an operator 
sitting in the comfort of an air-conditioned room mani¬ 
pulates the various processes involved in steel making 
through electronic controls. He is a far cry from the tough, 
grime-streaked, sweating iron masters of the last century! 

In modern times steel has faced a lot of competition 
from a variety of materials. Apart from non-ferrous metals. 
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like aluminium, titanium and copper, science has created a 
variety of materials which do not exist in nature, like 
plastics, composites, a number of ceramics, etc. Many of 
these materials are lighter and superior to steel in some 
applications. But for massive use, in the construction of 
huge bridges, buildings, concrete highways, etc., there is 
no alternative to good old steel. It still literally forms the 
steel frame of modem economies. 

The last years of the man who launched this revolu¬ 
tion, Henry Bessemer, were spent in contentment and 
wealth. He was knighted in 1879. His royalties made him a 
millionaire. He passed away in London on 15 March 1898, 
but the effects of the revolution that he launched continue 
to affect us to this day. 
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ALFRED NOBEL: 

From Merchant of Death 
to Promoter of Peace 


The mere mention of Nobel Prize conjures up visions of 
world-famous scientists, litterateurs and economists. It is the 
most coveted individual award in the world. Nations vie 
with each other to proudly proclaim the number of Nobel 
Prizes their nationals have won. 

The man who gave his name (and fortune) to this great 
award, Alfred Bernhard Nobel, was a complex individual, 
who was more reviled than appreciated in his own life¬ 
time. But then, many people are bundles of contradictions 
and only the flow of time can provide the perspective to 
judge them in totality. 

Nobel's father, Immanuel Nobel, was in many ways 
the precursor to his son. He too was an inventor, industri¬ 
alist and bold enough to venture into fields hitherto 
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uncharted. Nobel's great-great grandfather was an 
outstanding scientist of 17th century Sweden. Ability and 
enterprise ran in the family as became evident with the 
career graph of its most famous member, Alfred Nobel. 

Immanuel Nobel was a producer of armaments—of 
guns and explosives. The tag 'merchant of death' attached 
to his profession by indignant pacifists bothered him not one 
whit. Apparently his business acumen was not on the same 
level as his self-assurance! His firm failed in Sweden, his 
native land, and he emigrated to St. Petersburg (the erstwhile 
Leningrad) in Russia. He took along with him his sons 
including Alfred Nobel, born on 21 October 1833 in 
Stockholm, Sweden. 

Immanuel did well in Russia, supplying armaments, 
particularly mines to the Russian Navy. The family lived in 
comfort. Alfred, who had his early schooling in Sweden, was 
tutored privately in Russia from 1843 to 1850. 

Alfred Nobel was a sickly boy in his early years. A weak 
spine often forced him to rest for days in bed. He was too 
frail to participate in outdoor games. But as is often seen, the 
loneliness and moodiness that his condition engendered 
made him determined to seek comfort in other directions. 
He decided to develop his mental faculties. He read books 
voraciously on all subjects—science, literature, history and 
philosophy. He mastered four foreign languages: Russian, 
French, German and English. 

His determination and ability prompted his father to 
send him on a world trip to acquire knowledge about 
business, build right connections, and so on. Accordingly, 
Alfred set out in 1850 on a two-year tour. He visited 
Hamburg, Copenhagen, Paris, London and the USA. In 
July 1852, he joined his father's business and began 
assisting him in the production of munitions. 

The Crimean War (1853-1856) saw the height of the 
Nobel family's fortunes in Russia. The firm's coffers 
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over-flowed through war orders for armaments. Their 
speciality was the floating mine, used against enemy ships. 
Immanuel Nobel had developed a method of igniting 
gunpowder in these mines with the help of a detonator. It 
consisted of a glass tube which broke on contact with a 
ship. This allowed sulphuric acid to pour on a mixture of 
potassium chlorate and sulphur, setting off a secondary 
explosion which in turn ignited the primary charge. But 
the explosive was not powerful enough to cause serious 
damage to big warships. This set both the father and the 
son to seek more powerful explosives. 

The end of the Crimean War in 1856 was a severe 
setback to the Nobels. Munition orders were abruptly called 
off. A fire destroyed their factory. With creditors clamouring 
for the return of their money, Immanuel, after a struggle, 
declared bankruptcy and returned to Sweden in 1859. 

Nitroglycerine had been discovered in 1847 by Ascano 
Sobrero and was found to be highly explosive. In liquid form 
at room temperature, it was dangerous to handle. But the 
Nobels were not to be deterred. Father and son set to work 
and they achieved the first controlled explosion with nitro¬ 
glycerine in 1862. In 1863, Alfred patented a percussion 
detonator for it. The detonator set off a preliminary small 
explosion with the help of mercury fulminate. The small 
explosion ignited the main charge. 

A tragic accident in September 1864 was to mar the 
efforts of the Nobels. Emil, the youngest brother of Alfred, 
and four others were working when a gigantic explosion 
killed all the five and destroyed the factory completely. The 
license to manufacture nitroglycerine was promptly 
cancelled by the authorities. 

Alfred Nobel took the loss bravely and even remarked 
that it was impossible to achieve technological break¬ 
throughs without loss of life. He quickly shifted his factory 
to Hamburg in Germany. Within a few years he achieved 
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great wealth and fame through the sale of nitroglycerine 
for explosives. 

But the inherent dangers of nitroglycerine were still not 
solved. Nobel sent his shipment of the liquid form in zinc 
containers, surrounded by sawdust within wooden crates. 
The genie however was too powerful to be contained by such 
simple means. Accidents in handling it multiplied, leaving 
a tragic trail of death and injury. Furious public outcry forced 
several governments to ban its import or possession. Nobel, 
fearing financial ruin, turned frantically to search methods 
for making nitroglycerine safer to handle. 

One of the substances Nobel tried for taming 
nitro-glycerine was kieselguhr, a kind of clay found near 
Hamburg; it easily absorbed nitroglycerine. It could be 
moulded into desired shapes and transported with 
reasonable safety. Most satisfyingly, kieselguhr, with nitro¬ 
glycerine absorbed, could be detonated with a percussion 
cap with only 25 per cent reduction in the explosive 
power compared to liquid nitroglycerine. After extensive 
experimentation in its production, transport, use, etc., Nobel 
released it for commercial use in 1867. Nobel called this 
explosive 'dynamite'. 

Nobel's business expanded exponentially with the pro¬ 
duction of dynamite. He set up a number of factories in the 
European countries and in the USA. He became one of the 
richest men in the world. Improving further on dynamite, 
Nobel developed, in 1875, blasting gelatine, a combination 
of nitrocellulose (gun cotton) and nitroglycerine, which was 
superior to dynamite in certain respects. In 1887, he produced 
ballisite, a combination of nitroglycerine, nitrocellulose and 
camphor, which provided much greater control over the 
explosion. Finally he produced the progressive smokeless 
power for military use. 

Explosives was not the only item for which Nobel made 
a name. He was highly inventive and versatile. In fact his 



ALFRED NOBEL 


69 


first patent, in 1857, concerned a gas holder. He was adept 
in many fields including electrochemistry, optics, biology and 
physiology. He had more than three hundred-and-fifty 
patents to his credit. His work helped the later inventors 
who were engaged in manufacture of artificial rubber, 
leather and silk. 

The invention of dynamite set off a rapid growth in 
the use of explosives. Dynamite and allied explosives are 
used widely during peace time in building railway tunnels 
and highways, in mining and other activities. Precisely 
placed explosives are even used to bring down old build¬ 
ings without damaging the surrounding buildings! 

Unfortunately, their use in war was even more 
spectacular. Explosive chemicals form the basis of bombs, 
shells, torpedoes, depth charges, land-and sea-mines, etc. 
The havoc they have wrought and the number of lives they 
have claimed are simply horrifying! 

Now a word on Alfred's complex personality, endowed 
as he was with several contradictory characteristics. He was 
physically unimpressive and suffered for long from poor 
health. He was shy and lonely and never married. He was 
sensitive in his own way, but the popular perception of him 
was that of an able tycoon but ruthless in business and 
insensitive to the losses of others. These contradictory 
features were to affect both his career and his posthumous 
image. During his lifetime, he was regarded with revulsion 
for the part he played in making wars more destructive. But 
today he is mainly remembered for his promotion of the 
sciences and human welfare through the institution of his 
famous award. The turn in the last phase of his life occurred 
due to the combined effect of his own nature and the 
influence of a strong willed associate of his. 

For much of his life (like his father), Alfred Nobel had 
been indifferent to public criticism. But as years rolled by, 
beneath the tough exterior a sensitive nature was fighting a 
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silent battle. A minor incident occurred when a newspaper 
published his obituary by mistake. It described him as a 
merchant of death. This sobriquet, which did not bother 
him earlier, disturbed him now that he was closer to death. 
With a shock he realised that this was how posterity would 
remember him. It set him thinking. 

An even greater effect was produced by Baroness 
Bertha von Suttner, who had served as his secretary for 
some time. Articulate, emotional and passionately commit¬ 
ted to the cause of peace, she published in 1889 a small 
book, Waffen Nieder (Lay Down Arms). Much to her 
surprise, it created a stir. The press, the parliaments, and 
people all over Europe discussed it. It was translated into 
several languages. But Bertha was more interested in see¬ 
ing its effect on her former employer, the 'dynamite king'. 
In her arguments with him, Nobel had defensively asserted 
that his explosives, by their terrible nature, would do more 
to deter wars than all the peace efforts. But Bertha argued 
that more destructive weapons would only make wars more 
terrible. Only universal disarmament could guarantee the 
survival of civilisation. The arguments flowed back and 
forth, and under their impact Nobel's inner convictions 
showed a perceptible but slow change, though he was too 
proud to acknowledge it. They parted, never to meet again. 

In November 1895, barely a year before his death, 
Nobel willed the bulk of his fabulous fortune, amounting 
to about £2 million, to a trust to be administered by Swed¬ 
ish and Norwegian trustees. The interest from this amount 
was to be divided into five parts and awarded to those 
(regardless of nationality, sex, etc.) making the greatest 
contributions in the fields of physics, chemistry, medicine 
or physiology, literature and peace. The science and litera¬ 
ture prizes were to be decided by the respective Swedish 
academics and thepeace prize by a committee of five 
persons selected by r ,the Norwegian Parliament (a further 
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prize for economics was later added by the Swiss Riks-bank). 
The first Nobel Prizes were awarded in 1901. Nobel hoped 
that the encouragement of research in pure science and 
recognition of social service would lead to the spread of 
peace. 

Nobel spent his last days in San Remo in Italy. He passed 
away on 10 December 1896. True to his nature, he did not 
inform even Bertha von Suttner about his will. But fittingly 
she received the Nobel Prize for peace in 1905. However, in 
August 1914, barely two months after Bertha's death, the 
holocaust of the First World War broke out, to be followed 
by an even more terrible war, the Second World War, in 
September 1939. Millions of people perished in these wars. 
The world has experienced the invention of explosives far 
more deadly than anything that Alfred Nobel ever 
produced—nuclear bombs. One can only hope that the 
spirit of Bertha von Suttner and the final desire of Alfred 
Bernhard Nobel will guide mankind away from the 
precipice of self-destruction on to the path of peace and 
goodwill. 
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THOMAS ALVA EDISON: 

The Most Inventive 
Individual in History 


No man ever fitted the popular perception of an inventor 
more closely than Thomas Alva Edison. He was eccentric, 
self-taught; he frequently defied accepted ideas and had a 
seemingly endless capacity for coming up with inventions. 
During his lifetime more than one thousand patents were 
granted to him. Many consider him to be the most 
inventive individual to ever live. 

This 'prince of inventors' was born on 11 February 
1847, in Milan, Ohio, USA. His father, Samuel Edison, was 
in lumber and grain business. His mother Nancy was a 
former school teacher. Young Edison's eccentricities were 
evident quite early in life. Energetic, argumentative and 
hard to discipline, he was promptly labelled by his teach¬ 
ers as difficult. But his mother Nancy had the insight to 
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realise .that her child was special and required deft 
handling. She took him out of school, taught him herself at 
home and gave him a free hand to pursue his interests. It 
was a very wise decision. Formal education and rigid disci¬ 
pline might have extinguished the spark of creativity in this 
gifted child, and the loss would have been the world's. 

Young Edison made full use of the freedom given by 
his mother. He eagerly devoured books on physics, chemis¬ 
try, etc., but never accepted any statement without testing it 
out for himself. Designing and constructing gadgets by 
himself was an all-consuming passion with him. 

At the age of twelve, Edison decided it was time to 
face the world on his own. He began earning by selling 
newspapers and food in trains. He then launched a small 
newspaper of his own, printing it in a railway carriage. 
He had to give it up when a reader incensed at his gossip 
column threw him fully clothed into a pool of water! 
He however continued to use his railway carriage as a mini 
physics-and-chemistry laboratory. But this too came to an 
end when there was an explosion in the carriage and the 
railway staff dumped him, along with his paraphernalia, 
at the nearest level crossing! 

Not to be deterred and now aged sixteen, Edison 
learned all about wireless telegraphy from a grateful father 
whose child he rescued from an accident. He became a 
skilled telegraph operator, which was amazing indeed, 
considering the fact that he was quite deaf by this time, 
possibly caused by a childhood attack of scarlet fever. But 
the undaunted Edison turned this handicap into an ad¬ 
vantage. He could concentrate more on his work ("How 
much have you heard today that is worth remembering?" 
was his retort in later life to a friend, who advised him to 
use a hearing aid). 

It was during this period that he read Michael 
Faraday's book. Experimental Researches in Electricity. 
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Faraday resembled Edison in his innate experimental skills, 
lack of formal education and ability to create without 
knowledge of higher mathematics. Edison had a life-long 
dislike for mathematics ("I employ a lot of mathematicians. 
They cannot employ me/' he once remarked). So excited 
was Edison by Faraday's book that he read it through one 
whole night without a wink of sleep. Probably this acted as 
the catalyst and made him devote his time and energy to 
making new inventions. 

Edison was slovenly in dress and gloried in being 
untidy. He could work for long stretches without sleep. He 
did not care for understanding natural phenomena but was 
uncanny in judging their practical use. He paid his assis¬ 
tants well but expected them to be as devoted to work as 
he was! He was a bom optimist and always saw the bright 
and sunny side of things. Once, late in his career, his 
factory was destroyed by a fire. But while witnessing the 
blaze his mind was not on his loss. He ordered his son to go 
and get Mrs Edison immediately, "Your mother might never 
get another chance to see such a big fire," was the reason 
he gave! In his work, his objectives were utterly utilitarian. 
But to complete the picture he was also fond of reading 
Shakespearean plays! 

Edison worked only on inventions which he felt would 
find popular acceptance. He leamt this lesson early in his 
career. One of his first inventions was a quick vote—count¬ 
ing machine for the Congress and Senate of the USA. But 
seasoned politicians rejected it because a slow vote count 
allowed last moment change of mind. Edison never forgot 
this episode. Unlike most inventors he possessed uncanny 
business acumen and was an organiser. But being human, 
he was not without his drawbacks. He stubbornly resisted 
the introduction of alternating current (AC) electric supply 
which is universally employed now. 

Edison shifted to New York to hunt for a job, taking up 
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temporary lodgings in the Gold Exchange building. On his 
third day, the machine which conveyed gold prices came to 
a standstill and chaos broke out in the trading business. 
Edison cooly offered to get it working and did so within two 
hours. He was hired on the spot to supervise the machines. 
Never content with routine work, he invented an improved 
model of the stock-market tape machine, the rights to which 
the firm bought from him for $40,000. The twenty-two-year- 
old inventor had never seen so much money. 

Early in 1870, Edison used his new-won capital to open 
his own factory in Newark. Tape machines were manufac¬ 
tured to raise money which was then used for supporting as 
many as forty-five inventions that Edison was working on. 
He perfected a method for sending two messages in the same 
direction or two messages in opposite directions on the 
telegraph. It was later improved to carry six messages at a 
time. 

On Christmas day, 1871, Edison married Mary Stillwell, 
a charming eighteen-year-old employee in one of his facto¬ 
ries. Characteristically on the wedding night he lost himself 
in his work and had to be reminded that he had been 
married that day! He had a happy marriage till Mary's 
death thirteen years later. He had three children by her. 

In 1876, Edison shifted his laboratory or 'invention 
factory', as he called it, to Menlo Park, 25 miles (38 km) 
from New York city. This became world famous and was 
visited by the high and mighty, and Edison himself came to 
be called 'The Wizard of Menlo Park'. He however disliked 
this name as it implied that it was an effortless achieve¬ 
ment. "No one worked harder at being a wizard," remarked 
his son once. Edison believed that his success was mainly 
due to perseverance. 

Edison took to improvement of the telephone, invented 
by Alexander Graham Bell. It was the carbon transmitter 
developed by Edison in this quest that made the telephone a 
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real mass communication medium. Among the flood of 
other inventions was the discovery of the method for 
magnetic iron ore separation and a storage battery. 

Edison is best remembered for three of his inventions: 
the gramophone, the incandescent lamp and the motion 
picture camera. Of these, the one that caught the public 
imagination most was the gramophone. While working on 
an invention, Edison noticed that a needle in contact with 
a rolling metal cylinder seemed to produce a whining sound 
corresponding to the indentations in the cylinder. He 
wondered whether the human voice could be recorded by 
this procedure. After a lot of thought he sketched out the 
device and asked his best craftsman to produce it. The crafts¬ 
man had seen nothing like it before and asked what it was 
meant to do. Edison, a showman, promised to reveal this 
after the job was completed. Finally the workman brought 
the apparatus to him, with a number of other equally 
mystified workmen trailing behind him. The apparatus 
consisted of a cylinder wrapped in tin foil, a needle and a 
microphone. Edison picked up the microphone and started 
reciting: "Mary had a little lamb...". The workers gazed 
pityingly at him, convinced he had gone round the bend 
due to overwork. Edison stopped talking, replaced the needle 
at the start and cranked the cylinder. "Mary had a little 
lamb..." came out his unmistakable voice. There was 
deathly silence in the room now. This was the first time 
that a human voice was being recorded and reproduced. 
Some of the awestruck workers instinctively made the sign 
of the cross! The gramophone took the public imagination 
by storm. Edison became one of the most famous men in 
the world. 

His most useful invention however was the electric 
lamp and the integrated electric supply system. He started 
work on the lamp in 1878. It proved to be a stupendous task. 
He tested about 2,500 materials for the filament of the lamp 
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before discovering the carbonised bamboo fibre (today 
tungsten wires are used). He then developed the entire 
system of electric power generation, transmission and 
wiring for individual customers (with direct current, DC). 
Edison considered it the greatest adventure of his life. It 
necessarily had to be organised research. "Edison's great¬ 
est invention was organised research," an admiring friend 
remarked once, and how true it was. 

After wiring a full square mile of New York city, Edison 
was ready for the great demonstration. On 4 September 1882, 
under his supervision, the large steam-boilers started 
spewing out steam which was directed to large steam- 
engines and the dynamos started turning. Faster and faster 
they ran and at the right speed Edison engaged the master 
switch. Electric current surged through 1,20,000 metres of 
underground cables and the buildings in the whole square 
mile suddenly blazed with light. Its impact on those 
witnessing it for the first time was no less electric! 

In March 1883, Edison made his solitary discovery in 
pure science. Noticing the darkening of his lamps, he placed 
a second electrode in the bulb and found that when it was 
connected to the positive side of the circuit, a current was 
set up between the electrode and the filament. This 'Edison 
effect' later led to the invention of the vacuum tube, which 
held sway until the invention of the transistor in 1947. 

At the height of his success, in 1884 Edison lost his wife, 
Mary, due to typhoid fever. It had been a happy marriage. 
To drown his sorrow, Edison plunged harder into his work. 

After working himself out of his grief, Edison resumed 
social contacts. He met and married, in 1886, Mina Miller, 
nineteen years his junior. Edison was lucky for the second 
time in his domestic life. He was to enjoy peace and 
happiness at home till his death (his wife communicated with 
him in Morse code due to his deafness). 

In 1887, a friend had brought to Edison a toy, called 
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'the wheel of life'. When the wheel was rapidly turned, a 
series of pictures, observed through a slot, gave the 
impression of continuous movement of a performing 
bear. The contraption was a toy familiar to millions, but 
Edison's reaction to it was typical of an inventor. 'Why', 
he wondered, 'could not motion pictures be made by 
rapidly moving individual frames!' 

The task took him two years and needed the coopera¬ 
tion of the photographic industry. By 1889, he had the first 
movie camera ready, taking twenty to forty exposures a 
second. Today's huge film industry (Hollywood and 
Bollywood) owes its existence to the sharp observation and 
deduction of Edison. 

Edison, though shrewd in business, had his idealistic 
side too. He developed the fluoroscope for the medical 
profession, but refused to patent it so that it could be widely 
and cheaply produced. In the next two decades, Edison's 
prodigious capacity for invention continued undiminished. 
Improved storage batteries, apparatus for detecting torpe¬ 
does, underwater searchlights—there seemed no end to the 
stream of inventions coming out of his laboratory. 

A remarkable feature of Edison's inventions was their 
basic simplicity. There were innumerable scientists possess¬ 
ing deep knowledge of electricity, chemistry, etc., but it was 
this unschooled genius who succeeded where they failed. 
What were his unique qualities? Firstly, he had an uncanny 
ability to judge the practical use of any scientific fact. 
Secondly, he was blessed with patience and perseverance. 
He would try out countless ideas till he found the right 
one. Third was his business acumen, which enabled him 
to earn the large sums of money necessary to conduct 
experimental work. 

Edison's enthusiasm for work and optimistic attitude 
ensured a long and productive life. Only after crossing the 
age of seventy-five did he start slowing down. During his 
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final illness, his curiosity about his condition, medicines, 
and treatment, made the doctors think that possibly he was 
taking this too as one of his scientific investigations! He 
passed away on 18 October 1931, at the ripe old age of 
eighty-four. 

During his lifetime itself Edison became one of the most 
famous men in the world. Honours were showered on him. 
Among them was the congressional gold medal in 1928 for 
his contributions to human welfare. In 1960, he was posthu¬ 
mously elected to the Hall of Fame for Great Americans at 
New York University. But the tribute that was most 
eloquent was quite unintended. The authorities contem¬ 
plated switching off the power supply in New York, the 
scene of his triumph in 1882, for two minutes as a mark of 
respect on his death. But 1931 was not 1882. Since normal 
life would have come to a standstill by the two-minute 
power cut off, the idea was given up. There could be no 
greater tribute to the man than this negative tribute! 



9 


ALEXANDER GRAHAM 
BELL: 

The Bell who Set our 
Telephone Bells Ringing 



A question often puzzling the human mind is, "Is the basic 
direction of a person's life decided by his early environment 
or by innate, genetic factors?" Examples can be cited end¬ 
lessly to prove either view. A large number of children of 
medical doctors do take to their parent's profession, but 
perhaps an equally large number take to fields totally 
unconnected to medicine. The very fact that an answer can¬ 
not be given proves that 'nature' and 'nurture' are equally 
strong forces! 

In the case of Alexander Graham Bell, inventor of the 
telephone, both heredity and environment played a role. 
His family profession was 'speech correction'. Both his 
grandfather and father were experts in teaching deaf 
children to speak and had evolved original methods of their 
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own in this quest. Bell's father, Alexander Melville Bell, 
taught the system of visible speech in which diagrams 
representing the position of the lips, teeth, etc. enabled deaf 
people to produce the desired sound. Graham Bell and his 
two brothers assisted their father at an early age. Once they 
even succeeded in training their pet dog to pronounce a 
few words! It is reasonable to surmise that the family 
preoccupation with speech impelled Bell to doggedly 
pursue the grand obsession of his life: to invent a device to 
transmit human speech over long distances (which he later 
named the telephone —tele in Greek stands for 'far off' and 
phone, for 'sound'). 

Alexander Graham Bell was born on 3 March 1847, in 
Edinburgh, Scotland. He was the second of his parents' three 
sons. Though he attended the universities of Edinburgh and 
London, he was largely trained by his family. At the age of 
sixteen, Bell became his father's assistant in London. 

Misfortune suddenly struck the Bell family. Bell's elder 
brother succumbed to tuberculosis, the disease which had 
earlier claimed the life of his younger brother also. To cap 
it all, Graham Bell himself, the only surviving son, also 
contracted the disease. Terrified at the thought of losing 
him also, his parents decided to emigrate to Canada in 
August 1870. 

The vast open spaces and pure air of Canada had a 
miraculous effect on Bell. His health improved rapidly and 
the dreaded disease disappeared, never again to bother him. 
In April 1871, young Bell went to Boston to teach in the 
Horace Mann School for the deaf. This step was to prove 
decisive for Bell's career. 

Gardiner Hubbard was a wealthy lawyer living near 
Boston. His daughter, Mabel, was stricken with scarlet fever 
at the age of four and consequently lost her hearing. In those 
days such children were banished to asylums where they 
were taught the sign language. But Mabel's parents were 
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determined not to let this happen to their daughter. 
Through persistent effort, they taught her to lip-read the 
speech of normal people. They also coached her to 
pronounce new words by observing and reproducing the 
lip and tongue movements of normal speakers. By the age 
of fifteen, Mabel could converse normally with people. In 
fact, when taken to Germany, Mabel quickly learnt the 
German language by lip-reading and in a few months 
became an interpreter for her parents! However, her voice 
sounded a little unnatural. An ex-governess of Mabel told 
the family about a young man named Alexander Graham 
Bell teaching speech therapy in Boston. So full of praise 
was she for him that the Hubbards found it difficult to 
believe her. 

Thus it was that Bell came into contact with Mabel, 
who was to become his wife. Fate could not have been 
kinder to Bell. Mabel had the qualities that Bell badly lacked. 
She had a keen business sense. She was much more deter¬ 
mined in fighting for her rights. After the invention of the 
telephone, Bell was plagued by a number of law suits 
challenging his priority. Mabel prodded him to fight these 
cases which became the most exhausting legal battles in 
the history of patents. He finally won all of them. Bell had 
the tendency to tinker endlessly with his inventions ("But 
for me, he would have tinkered with the telephone until 
the end of his life," Mabel once said). 

By the time Mabel Hubbard became his pupil Bell had 
shifted to Boston University as a professor of vocal physio¬ 
logy. Mabel's first impression of Bell was not favourable. He 
was ill-dressed and painfully thin. But there was no doubt 
about his ability as a teacher and she profited immensely by 
his training. Then suddenly Bell stopped teaching her and 
left the task to an assistant. The unspoken reason was that 
he was beginning to fall in love with her and wanted to avoid 
further emotional entanglement. But it was not easy. He kept 
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visiting her classes and then her home too. Bell became quite 
popular in the Hubbard household. The parents respected 
his knowledge and the young ones loved his nature. 

At this time Bell was trying his hand at inventions. He 
did not have systematic training in science and was poor at 
working with his hands. But he had plenty of ideas and a 
Scottish doggedness in pursuing them. His first major 
attempt was to produce a multiple telegraph, in which 
several messages could be sent over the same wire. Thomas 
Sanders, father of a deaf girl who miraculously emerged 
from dumbness at the hands of Bell, allowed him to use his 
house for the experiments and even financed the effort. 

When Bell hesitantly asked Mr Hubbard if he could 
also support the effort as a partner, the latter readily agreed. 
Bell was also fortunate in getting the services of a highly 
skilled assistant, Thomas Watson, who had the capacity to 
translate Bell's ideas into practical devices. 

But, as inventors would ruefully admit, there is a wide 
chasm of toil and frustration between a good idea and the 
final practical product. Though Bell worked himself to the 
verge of collapse, the multiple telegraph eluded him. 
Suddenly the concept of the telephone took a firm shape in 
Bell's mind. Once the idea took hold of him there was no 
stopping him. 

The one consolation for Bell during this bleak period 
was his successful wooing of Mabel. Her parents were aware 
of his impractical nature but consented to the engagement, 
impressed as they were by his upright character. On Mr 
Hubbard's insistence Bell obtained a patent for his concept 
of the telephone on 7 March 1876. It was a wise move. Just 
a few hours after Bell, another inventor, Elisha Gray, filed 
his application for the basic concept of the telephone. A 
difference of a few hours entitled Bell to priority over the 
invention! 

Along with Watson, Bell struggled for months to 
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develop the telephone. This was based on the concept that 
at the speaking end, pressure waves produced by the voice 
of the speaker vary the magnitude of an electric current, 
which is then converted back into sound at the receiving 
end by the reverse process. The concept though simple was 
difficult to realise, so much so that once Bell broke down 
under the strain and had to go back to his parents' home in 
Canada to recuperate. 

One hot March day in 1876, Bell and Watson were in 
different rooms, working on the telephone. Suddenly, Watson 
heard out of the receiver in his room, the plaintive cry, "Mr 
Watson! Come here, I want you." Bell had spilt battery acid 
on his trousers and had cried out involuntarily in pain. 
Watson rushed to Bell's room, loudly proclaiming that he 
had heard him over the telephone. They tried the instrument 
again and again, and stared at each other in undisguised 
glee as it worked every time! Bell, by now, was quite 
oblivious to the acid bum! 

The next step was to bring it to public notice. Here 
Bell's nervousness in facing the public became a handicap. 
It so happened that the Centennial Exposition, commemo¬ 
rating a hundred years of American independence, was to 
be held in Philadelphia in June 1876 and was the most 
logical place to unveil the telephone. But Bell shrank in 
horror at this idea. Mabel had to trick him to reach the 
railway station and even resorted to the threat of not 
marrying him if he were not to go. 

Dom Pedro, Emperor of Brazil, was being escorted 
round the Centennial Exhibition. Bell approached him to try 
out the telephone. Pedro held the receiver to his ear while 
Bell took up the transmitter and intoned the famous words 
of Hamlet, "To be or not to be...". Dom Pedro cried out in 
astonishment, "It talks!" The telephone proved to be the star 
attraction at the exhibition and won the gold medal for the 
best exhibit. 
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By the end of 1876, Bell had increased the range of the 
telephone to 210 km. Thereafter, progress was swift. In 1877, 
the first private telephone was installed. The same year the 
Bell Telephone company was founded (today it is a giant in 
the telecommunication industry). 

In 1915, the first transcontinental telephone line was 
laid in the USA, between New York and San Francisco. 
Graham Bell was there to inaugurate it at New York and 
Thomas Watson was at the other end, in San Francisco. 
Bell re-enacted the historic scene by commanding his 
assistant once again, "Mr. Watson, come here. I want you." 
But this time Watson's reply was: "It would take a week, 
boss!" 

Bell had to face several legal challenges before his 
priority over the invention of the telephone was firmly 
established. These legal battles were among the most 
intense in patent history. Bell might well have lost his rights 
had it not been for Mabel's insistence (whom he had 
married in July 1877). 

Honours poured upon the successful inventor. In 1880, 
France awarded him the Volta Prize and $10,000, with which 
Bell founded the Volta laboratory. The American Institute of 
Electrical Engineers, his native city of Edinburgh, and the 
Franklin Institute of Philadelphia were among the many 
societies and cities which accorded him recognition for his 
remarkable achievements. 

But Bell never ceased to be at heart a teacher of the 
deaf. Among the many people attending the ground-break¬ 
ing ceremony of the building for the Volta Bureau, 
dedicated to serving the deaf, was a young student of Bell, 
also destined to become world-famous. Her name: Helen 
Keller. 

Bell was not one to rest on his laurels: he remained 
active and interested in scientific research till the end of his 
life. He could however, attend to his work in a more 
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relaxed manner now. Among the various fields that he 
worked on were aviation, hydrofoil ships, sonar detection, 
solar distillation, and even increasing the wool yield from 
sheep! 

Graham Bell was not just a scientist; he also founded 
the National Geographic Society, which continues to promote 
understanding of life in uncharted lands through the 
journal. The National Geographic. He was also a regent of 
the Smithsonian Institution. 

The telephone has continued to grow in its reach and 
sophistication through the years. Cables were laid under the 
Atlantic Ocean to carry telephone messages. Electronic 
exchanges considerably speeded up communication, the 
latest breakthrough being communication satellites. Stra¬ 
tegically positioned above the earth, these satellites receive 
signals from the transmitting end and then relay them to 
the destinations. Practically the whole world is now 
covered by their reach. Cellular phones enable one to 
communicate without any permanent wiring. Today it is 
possible to contact from India a relative living in the USA, 
in a matter of minutes and talk for as long as one's purse 
would allow! 



NIKOLA TESLA: 



Brilliant, Eccentric and 
Far-seeing 


Even very creative and original thinkers have their blind 
spots. Thomas Alva Edison's opposition to the use of alter¬ 
nating current (AC) for electrical power transmission is a 
well-known case by now. He favoured direct current (DC) 
and held that AC was too dangerous for use. A contro¬ 
versy raged over the issue for years, but cold scientific facts 
prevailed. The alternating current supply is in use to this 
day. The inventor who played a major role in its triumph 
was Nikola Tesla. 

Nikola Tesla was bom on 9 July 1856, in the village of 
Smiljan, Croatia (then a part of the Austro-Hungarian 
empire), but was of Serbian stock. His father, Milutin Tesla, 
was a clergyman in the Serbian Orthodox Church. His 
mother, Djuka Mandic, illiterate but endowed with a strong 
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inventive streak, succeeded in producing improved farm 
and domestic implements. Perhaps, Nikola inherited his 
inventive powers from her. 

Physically Tesla was a sickly child but blessed with a 
precocious mind. He excelled in science and mathematics 
and was constantly dreaming of some invention or the other. 
He was certainly not cut out to be the clergyman his father 
wanted him to be. After finishing school, he persuaded his 
father to let him study at the polytechnic at Graz, in 
Austria, on the grounds that his health would improve if 
allowed to study what he liked. 

At the technical school a professor once demonstrated 
the new Gramme dynamo, which operated as a DC genera¬ 
tor but could also be reversed to act as a DC motor. Tesla 
was fascinated by it but noted that the carbon brushes of the 
machine sparked continuously. It suddenly occurred to him 
that the alternating current, producing a rotating magnetic 
field, could make brushes redundant. His professor 
however, disagreed. But Tesla filed away the idea in his 
mind for later use. 

In 1879, Tesla enrolled himself in the University of 
Prague, but left after a year as his parents could not support 
his studies. He then worked at a number of jobs and in 1881, 
went to Budapest to work in a telephone company. But 
his obsession with the alternating-current motor prodded 
him to devote his spare time to research on it, almost to a 
point of nervous breakdown. Fortunately, a close friend took 
charge of him and made him rest and exercise until he 
recovered. 

One day, this friend and Tesla were walking in a park 
when Tesla suddenly shouted, "I have got it." The picture of 
the motor with the rotating magnetic field stood clear in his 
mind. Excitedly, he sketched it on the sand and 'ran' it 
several times. This was serendipity or another instance of a 
great idea reaching fruition when the individual is not 
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consciously working on it. Psychologists rightly believe that 
when the conscious mind rests after a strenuous effort, the 
unconscious takes over and completes the job. 

Tesla built the polyphase induction motor as conceived 
and so great was his self-confidence that he was not at all 
surprised when it ran successfully. But making others 
believe in it was, as usual with new inventions, more diffi¬ 
cult! After exhausting the possibilities in Europe in 1884, 
he set off for the USA. He was robbed of his ticket and 
money before he could board the ship. Undeterred, he 
talked his way out of trouble and arrived in New York with 
four cents in his pocket and a letter of introduction to 
Thomas Alva Edison. Though a fervent believer in direct 
current, Edison gave him a job for one year. Tesla spent his 
time redesigning the DC motors for Edison. But the two 
men were not made for each other. Apart from the techni¬ 
cal differences over DC and AC, both Tesla and Edison were 
strong personalities with brilliant minds who could not see 
eye to eye. Sparks flew due to friction! Tesla left and started 
his own factory to manufacture the induction motors that 
he had invented. After some struggle he obtained the patent 
for the polyphase induction motor in 1888. Meanwhile, he 
presented his paper on the subject at a meeting of the Ameri¬ 
can Institute of Electrical Engineers. This sparked off a 
controversy with Tesla and his very few supporters ranged 
against Edison and the rest of the electrical industry. It was 
claimed that alternating current posed a danger to people 
(Edison went to the extent of trying to get it banned). 

George Westinghouse, one of Tesla's earliest and 
staunchest supporters (Westinghouse today is one of the 
major producers of electrical equipment in the world), bought 
his patents and engaged him to build the AC motor. While 
thus engaged Tesla's fertile mind invented the Tesla coil, 
which is widely used in automobiles. He also made an air 
core transformer, the fluorescent light and a new type of 
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steam turbine. He also discovered the heating effect of short 
waves on the human body, which is now employed in 
medical treatment. 

The alternating-current system achieved its first 
triumph in 1893, when it was used for lighting the World 
Columbian Exhibition in Chicago. Three years later his 
critics were silenced for ever when the huge Tesla genera¬ 
tors at the Niagara Falls illuminated the city of Buffalo, 35 
km away. The alternating current by now had decisively 
proved its superiority over direct current for long distance 
transmission of electric power. 



Fig. 10.1 represents schematically the stator and rotor 
of a three-phase induction motor as invented by Tesla. It 
has three individual and identical windings, symmetrically 
arranged around the periphery. When the windings are 
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CURRENT 



Fig. 10.2: Cyclic variation of the motor current 


connected to a three-phase supply, three currents flow 
through the windings and produce a rotating magnetic 
field. These three currents vary cyclically and there is a 
phase difference of one-third of a cycle between them, as 
shown in Fig. 10.2. 



Fig. 10.3: Arrangement of rotor conductor of 
squirrel-cage induction motor 

The typical rotor conductor arrangement is shown in 
Fig. 10.3. From its shape it is called a 'squirrel-cage' 
induction motor. The stator core and the rotor core are made 
of iron laminations while the conductors are of copper. The 
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rotating magnetic field in the stator induces the rotor to 
rotate and along with it any machine connected to it, such 
as an air blower, centrifugal water pump, etc. 

In 1898, Tesla attracted a crowd of reporters and 
curious bystanders with a weird demonstration. In the sea, 
off New York, a model boat raced in intricate patterns in 
response to his radio signals from the shore. It was the 
forerunner of all the remote-controlled rockets and 
spacecraft of today. 

As for his personality, Tesla's eccentricities matched 
his brilliance. He became a recluse in later years and was 
given to occasional wild claims and predictions. Never¬ 
theless, he possessed the gift of foreseeing technical 
developments. He warned against the dangers of nuclear 
weapons and long-range rockets long before they were 
developed. He was an exceptional orator. Among his few 
friends was the great writer, Mark Twain. He was a 
confirmed bachelor. 

In 1917, Tesla was awarded the Edison Medal, the 
highest honour to an American electrical engineer. His 
notebooks are being studied even today for possible new 
inventions despite some of his wild claims (he once declared 
that he could destroy aircraft 400 km away with death 
rays). In his death on 7 January 1943, the world lost a great 
genius. 4 



lX 



RUDOLF DIESEL: 

As Remarkable as 
his Engine 


; Modern transportation is unimaginable without the 
internal combustion engine. Our cars, two-wheelers, buses, 
trucks, aeroplanes and most of the ships are powered by 
these engines. Internal combustion engines fall under three 
categories: petrol, diesel and gas turbines (jet engines). Of 
these, the sturdiest and most efficient is the diesel engine, 
invented by the German engineer. Dr Rudolf Christian Karl 
Diesel.'' 

Dr Diesel was in many ways as remarkable as his 
creation. A gifted engineer, he was highly practical and 
admirably persevering in giving shape to his ideas. Besides, 
he was an idealist, ardent pacifist, internationalist and a 
connoisseur of arts. Many of his ideas on society and inter¬ 
national relations were then considered outlandish by his 
contemporaries. To complete the picture of his complex 
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nature he was a difficult man to work with as he was not 
very stable emotionally. 

\ Born to German parents in Paris on 18 March 1858, 
he studied in school till 1870. His parents were poor and 
strict. He was a brilliant student and was selected to a choice 
secondary-level school. But this was the time when tension 
prevailed between France and Prussia (later a part of 
Germany). The sensitive and intelligent Diesel, bred in 
France and perfectly at home with French language and 
culture, was reviled as a German by his fellow students. 
Later in Germany, while studying engineering, he was 
teased for being French. The upshot was that Diesel came 
to hate narrow nationalism in general and embraced 
internationalism. To the end of his days he could not 
accept the enmity that existed between the two peoples he 
loved equally. The factor coupled with a harsh childhood 
made him often moody and difficult. \ 

The Franco-Prussian war of 1870 saw the Diesel 
family expelled from France as undesirable aliens. After a 
brief stay in England, Rudolf was invited by his uncle in 
Augsburg, Germany to study. Diesel proved his academic 
prowess in Augsburg as also later in the Technische 
Hochschule (technical university) in Munich. His record in 
the latter was the most outstanding in the history of the 
institution. 

Among Diesel's teachers in Munich was Carl von Linde, 
a name still remembered in the field of refrigeration. The 
brilliant Diesel soon became Linde's favourite student and 
their association continued for years thereafter. 

In 1876, Diesel's compatriot, Nikolaus Otto, developed 
the spark-ignited internal combustion engine but it was low 
in efficiency and unsuited to heavy duty. Diesel with his 
interest in thermodynamics (conversion of heat to work) 
and spurred by Linde, dreamed of inventing a rugged 
engine which would have a much higher efficiency and 
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use a cheaper fuel. Gradually the concept of an engine in 
which the air is compressed high enough to ignite a fuel 
sprayed in began to take shape in his mind. It was to obsess 
him for more than a decade until he finally built a 
successful model. 

After graduation, Diesel worked in Switzerland for 
some time and then in 1880 left for Paris, to work with his 
mentor. Prof. Linde. In 1883 he married Martha Flasche. 
The Diesels were to have two sons and a daughter and the 
family lived in Paris till 1890. This was possibly the happi¬ 
est period in the life of Rudolf Diesel. He revelled in the 
liberal atmosphere of Paris. Artists, writers and scientists 
became his close friends and he enjoyed his intellectual jousts 
with them. 

Diesel held passionate, if unrealistic ideas, on politics 
and economics. He believed that the society should consist 
of self-sufficient communities which produce their own 
energy and give craftsmen a sense of dignity, instead of 
being mere cogs in huge industrial wheels! 

Above all/Rudolf Diesel was a devoted engineer whose 
work came first. He gradually developed the concept of 
the diesel engine and approached his goal through exten¬ 
sive trial-and-error tests. Initially he took the dangerous 
path of trying to use ammonia gas as a fuel. During a trial, 
the ammonia cylinder exploded and its pieces missed him 
very narrowly. \ 

V This accident however, had a curious effect on him. \ 
He conceived the idea of making harmlessly explosive glass 
vials filled with the gas for use as explosives. To Diesel, the 
profound pacifist, this was a toy with which warring 
factions could conduct mock battles without harming 
themselves or others. Count George Munster, the morose 
Prussian ambassador in Paris, is reported to have burst into 
a fit of laughter when Diesel earnestly explained the idea 
to him. 



96 


INVENTORS WHO REVOLUTIONISED OUR LIVES 


As we know, many devices that we use today were 
perfected through the persistent efforts of their inventors, 
punctuated by repeated failures and frustrations. Diesel was 
no exception to the rule. He encountered the serious 
problem of injecting fuel at very high pressures into the 
compressed air in the cylinder. Mechanical injection pumps 
to do this job were then not available. He had to resort to 
pneumatic injection (that is, using high pressure air to carry 
the fuel into the cylinder). He tried using pulverised coal 
since it is cheap but the ash content wore out the cylinder 
quickly. Finally he settled for liquid petroleum. Today, 
diesel oil, a fraction derived from raw petroleum, is the main 
fuel used in diesel engines because it self-ignites easily in 
compressed air. 

I, In 1890, Diesel shifted to Berlin and continued his work. 
He filed his first patent in 1892. In the next year he wrote a 
paper, 'The Theory and Design of a Rational Engine' to de¬ 
scribe his ideas. It was sharply ridiculed by his peers. Quite 
undeterred and helped by his patron Linde, Diesel secured 
assistance from three German firms, M.A.N., Sulzer and 
Krupp to develop his engine. The first two are still among 
the most renowned diesel engine manufacturers in the world. 

After a tremendous struggle, Diesel succeeded in 
making his engine run for the first time on 10 August 1893. 
However, the instrument he used for measuring the 
pressure in the cylinder exploded into pieces. Diesel, 
supervising the test, was lucky for a second time to escape 
being slain by his own brainchild! 

Three more years were needed to perfect the engine 
and in 1897, the first commercial models rolled out. Their 
success was immediate. The much higher efficiency of the 
engine compared to steam-engines and petrol engines was 
too obvious to be denied. Within a few years Rudolf Diesel 
became a millionaire through the royalties received. \ 

The basic working principle of the four-stroke diesel 
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engine is illustrated in Fig. 11.1. When the piston moves 
down on the first stroke, the inlet valve opens and air from 
the atmosphere is drawn into the cylinder. During the second 
stroke or the upward movement of the piston, both the inlet 
and the exhaust valves close and the air gets highly com¬ 
pressed. Towards the end of this stroke, diesel oil is sprayed 
at a very high pressure into the compressed air. The fuel self- 
ignites due to the high temperature of the air. The heat 
released by the combustion raises the pressure and 
temperature of the gas in the cylinder. This pushes the 
piston down forcefully, forming the power stroke. During 
the fourth or exhaust stroke, the exhaust valve opens and 
the products of combustion are pushed out. This cycle is 
repeated as long as the engine is running. The reciprocat¬ 
ing motion of the piston is converted into rotary motion by 
the connecting rod and crankshaft. Power is produced only 
during the power stroke and the other three strokes are 
carried out with the kinetic energy stored by a heavy 
flywheel, attached to the crankshaft. 

\ There are also two-stroke diesel engines, which 
complete a cycle of operations in two strokes of the piston, 
corresponding to one revolution of the crankshaft. Such 
engines are used in large sizes to power big ships. Marine 
engines of this type generate upto 65,000 kW of power. 
A man standing near such an engine would seem like a 
small child standing close to a huge elephant! j 

Diesel engines have been improved considerably since 
Diesel's days through sustained research and development. 
They are today much lighter and more efficient than the origi¬ 
nal models. A significant improvement has resulted through 
the development of superchargers in the 1930s. In super¬ 
charging, the exhaust gases run a high speed turbine (upto 
100,000 revolutions per minute), which in turn runs a ro¬ 
tary air compressor. The compressor draws in air from the 
atmosphere, compresses it and then feeds it to the cylinder 
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during the suction stroke. This increases the mass of air 
taken in and hence, more fuel can be burnt, raising the 
power output of the engine. This process (also called 'turbo 
charging') increases the power output of a diesel engine 
for a given size. 

Modern developments in electronics now enable 
efficient control of the fuel injection process in the diesel 
engine, leading to better fuel economy and lower exhaust 
emissions. 

' Diesel engines can also make use of gaseous fuels like 
natural gas and biogas (gobar gas). The gaseous fuel is mixed 
with the air flowing into the diesel engine. Towards the end 
of the compression stroke, a small quantity of diesel oil is 
injected through the regular fuel injection system. This oil 
ignites first and leads to combustion of the gaseous fuel-air 
mixture. The major portion of the engine's energy require¬ 
ment (upto 80 per cent) can be met by the gaseous fuel. Thus, 
diesel oil (imported in our country) can be replaced to a 
considerable extent by indigenously available fuels like 
natural gas and gobar gas. i 

Today diesel engines can be seen in use all over the 
world. In size they range all the way from small, single¬ 
cylinder versions of 3 kW driving water pumps to 
mammoth multi-cylinder marine engines. Buses, lorries, 
locomotives, tractors, bulldozers, mobile cranes and ships 
are powered by diesel engines. Stationary uses of the 
engine include generating sets, pumpsets, etc. For a rug¬ 
ged, powerful and mobile source of energy the diesel 
engine is preferred. It is heavier than a corresponding 
petrol engine but far lower in fuel consumption. Heavy 
transportation and road construction could not have been 
possible in the absence of diesel engines. 

1 Even in the case of passenger vehicles where petrol 
engines reign supreme so far due to lighter weight and 
smoother running, diesel engines are making gradual 
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inroads. We may see more of diesel-powered cars in the 
future due to the superior fuel economy of this engine/ It is 
far less polluting than the petrol engine since it uses much 
more air than is necessary for combustion and hence, the 
combustion is more complete. 

All this we owe to Dr Rudolf Diesel, who could not 
enjoy the fruits of his labour. This genius in engineering 
was unbelievably inept in financial management and lost 
much of what he earned. He was deeply disturbed at the 
rapid worsening of relations between the French and the 
Germans. The portents of the coming holocaust, the First 
World War, were too evident to be ignored. On 29 Septem¬ 
ber 1913, Dr Diesel took the ferry to Britain on a business 
trip and disappeared during the voyage; presumably he 
got drowned in the sea. 



THE WRIGHT BROTHERS: 


They Gave us Wings 


The two young boys eagerly wound up the rubber band of 
the toy helicopter that their doting father had bought for 
them. The rotor started whirring and the model rose to¬ 
wards the ceiling, leaving the youngsters open-mouthed 
with excitement. It then fell down, but the profound 
impact that it left on the two young minds was to have 
momentous consequences for mankind. The boys were 
Wilbur and Orville Wright, the inventors of the aeroplane. 

The future pioneers of aviation were the sons of Milton 
Wright, a bishop. Wilbur, the elder of them, was bom on 16 



102 


INVENTORS WHO REVOLUTIONISED OUR LIVES 


April 1867 and Orville on 19 August 1871. Their home¬ 
town was Dayton, Ohio, USA. They did not undergo 
much of schooling but possessed the essential characteris¬ 
tic of scientists and engineers, namely, thoroughness in 
their investigations. This is what made them superior to 
many other would-be aviators of the period who were mere 
adventurers. 

The brothers, inseparable from childhood, set up a 
bicycle shop for a living. They designed and built their own 
bicycles. Their lives took a turn for the better after they read 
about the efforts of Otto Lilienthal, a German engineer, to 
build heavier-than-air flying machines. His gliders achieved 
some success but he was killed in 1896, during one of his 
manned gliding tests. This tragedy roused in the Wright 
brothers their interest in flying, dormant since the toy 
incident. They decided to devote themselves to the devel¬ 
opment of powered flying machines (not just gliders). They 
proceeded very systematically, first studying the work of 
others, building and testing gliders, evolving their own data 
in wind tunnels and finally embarking on powered flight. 
When they were through, their machines could fly rings 
around their less systematic European rivals. 

As the first step after a study, the Wrights concluded 
that Lilienthal's control system was defective. He shifted 
his own body weight to achieve side-to-side balance of the 
glider. This naturally cannot work with larger gliders or 
powered flying machines. But the solution was not easy to 
find. The problem obsessed the brothers for months. 

As so often in the history of invention, the answer came 
from an unexpected source. Wilbur was once idly twisting a 
long, empty, cardboard box which contained a bicycle tube. 
Suddenly he realised that it held the solution to the balanc¬ 
ing problem. In case of a wing tilt, if one of the wings were 
twisted down and the other up, the machine would right 
itself. This 'wing warping' was managed with a system of 
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wires and pulleys and it worked very well on the glider. 
The glider that the brothers built with wing warping (now 
called 'aileron control') worked perfectly when tested in 
July 1899. 

In 1900, the brothers next selected Kitty Hawk in North 
Carolina for their tests since it experienced strong winds in 
comparison to any other place in the USA. As a next step, 
the Wrights developed the elevator, which was fitted to the 
tail section and could be tilted at different angles to achieve 
front-to-back stability. In order to reduce air drag they made 
the pilot lie flat in the glider. Their first manned glider flight 
was unsatisfactory. The wings did not provide the lift that 
Lilienthal's tables predicted. The brothers concluded that the 
tables must be wrong. 

Returning to Dayton, the Wrights built their own wind 
tunnel and systematically tested different wing shapes for 
their lift, drag, etc. It is a tribute to their thoroughness that 
even with the present sophisticated instrumentation the 
results are found to be practically the same. 

Resuming their tests, they then developed the mov¬ 
able tail as a balancing element when the ailerons in the 
wing functioned to turn the aircraft. With these devices 
flying became controllable in all essential respects. The broth¬ 
ers made more than thirty flights with these improved gliders. 
These machines were launched from a hill and piloted by 
one of the brothers lying prone in it. 

The next step was to incorporate a source of power in 
the glider to convert it into an aeroplane. The first require¬ 
ment was a light power plant. Fortunately the petrol engine 
had been invented by Nikolaus Otto of Germany in 1876. It 
was far lighter than steam-engines for a given power output 
as it required no bulky boilers, condensers, etc. However, no 
engine exactly suited to their requirement was available and 
hence, they designed and built their own petrol engine with 
four cylinders and delivering 12 horsepower. As for the 
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propeller, they found that the design of the marine 
propeller was inapplicable to aircraft propellers. So they 
designed and built their own. All these steps took several 
months and it was September 1903 before they could leave 
for Kitty Hawk to conduct the tests. Some mechanical 
failures in the engine delayed them still further. Finally on 
17 December 1903, the plane was mounted on a metal- 
and-wood railing from which it was to be launched. The 
brothers tossed for the honour of the first trial and Orville 
won. Wilbur started the propeller and pushed the machine 
along the rail. The plane took off, wildly swung in the air, 
and after remaining airborne for 12 seconds came down. 
The first powered flight had taken place! Only five specta¬ 
tors witnessed this revolution in air travel. They could not 
have realised how lucky they were to see history unfold 
before their own eyes. 

Next Wilbur tried his hand and in the fourth trial of 
the day he covered a distance of 852 feet (259 m) in 59 
seconds. The Wrights then switched over to a field nearer 
to their Dayton home and gradually ironed out the prob¬ 
lems in their machine. In 1905 Wilbur made a flight of 24 
miles (38 km). It is notable that this invention was made by 
two young men with little formal education, and not by 
educated scientists. Indeed there can be no substitute for 
innate ability, perseverance and drive. 

Fig. 12.1 is a simplified version of an aircraft with its 
control mechanisms. The engines, either through propellers 
(in piston-engine aircraft) or by gas turbines (in jet aircraft) 
create a backward flow of air or of air and exhaust gases, 
resulting in a reaction (Newton's Third law of Motion) in 
the forward direction, moving the aircraft ahead. On the 
runway, when sufficient speed is reached, the airflow past 
the wings creates a lift and the aircraft rises off the ground. 
In flight, side-to-side balance and turning are achieved by 
operating on the ailerons. The rudder in the tail section also 
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helps in balancing the body. Climbing up or going down is 
achieved with the help of elevators located in the tail. The 
flaps are used during landing to increase air resistance and 
slow down the aircraft. 

For several reasons, the achievements of the Wright 
brothers were not taken seriously either by the press, or the 
public or governments. Firstly, there was a large body of 
experts who believed that heavier than air flight was 
impossible (they ignored the birds). Secondly, even those 
who believed it possible, had their eyes fixed on the 
glamorous European would-be aviators, particularly those 
in France. Thirdly, the Wright brothers hailed from a humble 
background with no powerful backing. Their early offer to 
sell the plane to their own government was rejected! 
Finally, in 1908, demonstration flights simultaneously held 
in the USA and France (by Orville in the USA and Wilbur 
in France) dispelled all doubts. 

The climax of the demonstrations came on 29 Septem¬ 
ber 1909, when Wilbur flew over New York harbour and 
around the Statue of Liberty, watched by ecstatic crowds on 
ships and on the shore. The captain of a liner in the harbour 
sent him the message: "The queen of the seas salutes the 
king of the air." 

From then on, success followed more success. The 
brothers were feted everywhere. They formed the Wright 
Company to take care of their commercial interests. Their 
success also attracted the inevitable host of pretenders to 
their discovery. They had to spend considerable time and 
money to defend their priorities and rights. 

Wilbur and Orville Wright, so inseparable in percep¬ 
tion by the public, had very different personalities. Orville 
was talkative, an extrovert and a skilled pilot. Wilbur, on the 
other hand, was reserved,, contemplative and the deeper 
thinker of the two. He als© had the greater capacity to judge 
the commercial viability,’qf : a project and see it through. 
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In the years following the Wright brothers' success, 
the size, speed and performance of aircraft increased swiftly. 
A vast network of airlines mushroomed to provide trans¬ 
portation at unheard of speed. But the aeroplane also proved 
to be a double-edged weapon. During the Second World 
War bomber aircraft rained death and destruction on a 
massive scale, culminating in the dropping of atom bombs 
on Hiroshima and Nagasaki. 

A quantum jump in aviation occurred with the 
introduction of the jet engine after the Second World War. 
Aircraft speed doubled almost overnight. Supersonic flight 
became possible. Hydrogen-fuelled aircraft engines (with 
much cleaner exhaust gases) are likely to be developed in 
the future. 

Air travel has shrunk distances and brought the people 
of the world closer. Migration, tourism and business have 
received a tremendous boost with air travel. 

Wilbur Wright tragically did not live long to savour 
his triumph. He died of typhoid on 30 May 1912. Orville 
however, was fortunate enough to see their invention reach 
stupendous heights. He retained his interest in aviation to 
the end. He died on 30 January 1948. The brothers have 
become immortal in our memory by their achievements. 
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GUGLIELMO 

MARCONI: 

Continents Bridged 
in a Flash 



A young man and his assistants sat huddled near an 
apparatus in a hut in the icy, wind-swept coast of New 
Foundland, an island off the eastern coast of Canada. It 
was 12 December 1901. Tension was writ large on their 
faces. Suddenly the receiver key in the apparatus started 
beating and the letter 'S' appeared in Morse code. It was a 
wireless signal that was flashed across the vast Atlantic 
Ocean for the first time in history. It was the crowning 
moment in the life of the young man, Guglielmo Marconi, 
the father of wireless communication. 

Marconi differed from most inventors in many 
respects. He was bom rich, did not have to undergo any trials 
and tribulations in his life and was a shrewd businessman. 
He enjoyed socialising and held strong political views. 
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Marconi was born in Bologna, Italy, on 25 April 1874. 
His father, Giuseppe Marconi, was a wealthy landowner 
and businessman. Marconi's mother, Annie, was Irish by 
birth. As a result, Marconi was fluently bilingual in Italian 
and English. His education was partly at home and partly 
in a technical institute. He failed the entrance tests to the 
University of Bologna and the Naval Academy. But he had 
too much confidence in his own ability to be upset by these 
failures. He loved tinkering with gadgets and was encour¬ 
aged in this by his mother (but not, initially at least, by his 
father!). 

In 1894, Marconi happened to read an article on 
Heinrich Hertz, the German scientist, in which his work on 
electromagnetic waves was described. Marconi was at once 
struck by the possibility of using such waves for sending 
messages at very high speeds (at the speed of light). Later in 
life, he often used to wonder why others had not thought of 
this obvious (to him) application of electromagnetic waves. 
But then, the world is not blessed with many Marconis! 

Marconi's first attempts at wireless transmission 
were confined to the basement of his home, out of the sight 
of his father, who considered it useless work. He assembled 
a spark transmitter of the type used by Hertz and a coherer 
receiver. The latter is a glass tube filled with metal filings, 
which become conductors when an electrical discharge 
passes through them. He was able to ring an electric bell a 
few metres away by such a signal. He gradually extended 
its range by increasing the antenna size and by attaching 
vertical extensions to the transmitter and receiver, ending 
in metal plates which were grounded. Messages could be 
sent by Morse code over several kilometres. He was 
pleasantly surprised to discover that hills and the 
curvature of the earth posed no problems to this transmis¬ 
sion. Wireless (radio) waves are reflected back to the 
earth by the ionospheric layer of the atmosphere—this 
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was discovered only later. 

By now Marconi's father was also convinced that his 
son's work held promise. He helped him to approach the 
Italian government for support. But he received no encour¬ 
agement from this quarter (Italy was to bitterly regret this 
later). Disappointed, Marconi moved to London in 1896. 
There he applied for a patent, demonstrated his device to 
government officials and in 1897 formed his own company. 
He found greater support from the British than from his own 
countrymen. The British, with their far-flung empire and 
possessing the premier navy of the world, easily recognised 
the value of rapid communication. 

In 1899, Marconi sent signals across the English 
Channel, creating a sensation. Gradually the use of wire¬ 
less communications grew. In one case, the crew of an 
isolated light ship, battered by a storm, were rescued in 
response to their wireless message. Ships were progressively 
equipped with these sets. A tragic marine accident also 
showed the importance of wireless sets for ships. 

The Titanic was widely publicised as the ultimate in 
passenger-ship design and construction even before she was 
launched. In fact the ship was regarded as unsinkable. But 
on her maiden voyage in April 1912, she collided with a huge 
iceberg. With sea-water pouring in uncontrollably, her end 
was near. Her wireless operator managed to send off the 
distress signal. But tragically, the wireless operator of an¬ 
other ship, only half an hour's sailing time away, was not 
on duty. It was another ship, the Carpathia, much further 
off, that picked up the signal and raced to the rescue through 
a whole night. About seven hundred people, that is, one- 
third of the passengers could be saved. The rest were lost. 
This calamity led to laws making it mandatory for all pas¬ 
senger ships to be equipped with wireless sets, continuously 
manned. The number of lives saved by wireless messages 
in the subsequent years must rim into several thousands. 
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Marconi did not rest on his laurels following the 
triumph of the trans-Atlantic transmission. He developed 
multiplex wireless telegraphy to facilitate sending of 
several messages simultaneously. In 1902 he patented a 
sensitive magnetic radio detector to replace the coherer and 
in 1905 developed the horizontal directional aerial, 
which increased signal strength and made long-distance 
commercial wireless possible. 

After 1905, Marconi spent much time and effort on 
investigating short waves and developing the aerials and 
receiver sets for it. In this field however, major progress 
was to come from the next generation of scientists. 

In addition to being a first-rate inventor, Marconi also 
had shrewd business acumen. He never failed to extract full 
financial benefits from his inventions. Our own great 
scientist, Dr Jagdish Chandra Bose, by contrast was a pure 
scientist who cared little for financial gains. He was a 
contemporary of Marconi and equally knowledgeable 
about electromagnetic waves, but did not pay much atten¬ 
tion to its practical application. But for this outlook, Dr Bose 
could have taken Marconi's place in history as the father of 
wireless communication. 

In the years following Marconi's pioneering work, 
other brilliant minds took over the task of improving wire¬ 
less communications. In 1904, John A. Fleming, who had 
worked with Marconi, invented the first vacuum tube de¬ 
tector which consisted of two electrodes (diode). In 1906, 
Lee de Forest improved Fleming's design by adding a third 
electrode (triode). In 1905, Fessenden invented the hetero¬ 
dyne receiver, which was later improved by Edwin 
Armstrong to be called the 'super heterodyne receiver'. This 
is basically still used in all modem radio and television re¬ 
ceivers. Transmission of the human voice became possible 
with these devices. Radio broadcasting became popular to 
be followed by television. The invention of the transistor in 
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1947, meant another giant step forward, reducing the size 
of the radio drastically and decreasing the power consumed. 
The recent major advance is the launching of communica¬ 
tion satellites, which enables practically the whole world 
to be covered by radio and television transmissions. This is 
also leading to a gradual homogenisation of tastes and 
lifestyles of the people of the world. 

Marconi's last years brought him further success and 
laurels. Unusual for an inventor, he had a keen interest in 
politics. Marconi was a fervent Italian nationalist ("I want to 
be remembered above all as an Italian," he once told a friend 
feelingly). Italy reciprocated his affection in ample measure. 
He was chosen to represent the country in the peace 
conference of 1919, following the First World War. He was 
nominated to the Italian Senate in 1929 and chosen 
president of the Royal Italian Academy in 1930. 

Sadly, Marconi's strong patriotism also led to serious 
errors of judgement. He supported the fascism of Benito 
Mussolini, for the latter promised to make Italy great. He 
was blind to the tyrannical rule of the fascists. Luckily, he 
was not alive to witness the devastation of his beloved 
nation during the Second World War, into which Mussolini 
dragged his countrymen. 

But Marconi's positive contributions were far greater 
than his aberrations. Great indeed was his role in bringing 
the world close together through wireless communication, 
for which he was awarded the Nobel Prize for physics in 
1909. When he passed away on 20 July 1937, the world 
paid him a handsome tribute by observing two minutes of 
wireless silence. 
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ROBERT HUTCHINGS 
GODDARD: 

Lonely Pioneer of 
Space Travel 


One of the most thrilling moments in history occurred on 20 
July 1969, when Neil Armstrong and Edwin Aldrin landed 
on the surface of the moon, watched by spellbound mil¬ 
lions on their television sets, on the earth. A feat which 
mankind had dreamed of for ages had finally come to 
pass. An important element that made this achievement 
possible was the powerful multi-stage rocket that lifted 
the astronauts and their equipment from the clutches of 
the earth's gravity. But very few people were aware of the 
fact that the foundations for this great feat had been laid 
much earlier by a few lonely pioneers working against 
heavy odds. The most notable among them was Dr Robert 
Hutchings Goddard of the USA, who for the greater 
part of his life was ignored and even ridiculed. However, 
the march of progress was to vindicate him triumphantly. 
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even if it was posthumously. 

Robert Goddard was born on 5 October 1882, in 
Worcester, near the city of Boston in the USA. His father, 
Nahum Goddard, was a businessman. Robert Goddard was 
plagued by ill health for the major part of his youth, but 
that did not curb his enthusiasm or drive for learning. His 
imagination was fired by the science fiction stories of Jules 
Verne and H.G. Wells, and rockets as the means of travel¬ 
ling to planets, became an obsession with him. 

Rockets, of course, have been known ever since the 
Chinese started using them in the 13th century. But they were 
looked upon as nothing more than crude weapons or fire 
crackers. Their present use as interplanetary vehicles is due 
to the vision and efforts of pioneers like Goddard. 

At the age of fifteen, Goddard tried to send up a 
gas-filled aluminium balloon. It failed, the first of the many 
failures that were to characterise his efforts through a life¬ 
time. But none of these made him give up his quest. 

In spite of irregular attendance due to ill health, 
Goddard completed his schooling at the South High School 
of Worcester in 1904, and later passed out of the Worcester 
Polytechnic Institute, in 1908. He then joined the nearby Clark 
University and obtained his doctorate in physics, in 1911. 
Following a year's research at Princeton he returned to Clark 
University to teach and became a full-time professor, in 1919. 

Universities in the USA were not so lavishly funded by 
government agencies or by the defence forces in those days 
as they are now. For a long time Goddard's obsession with 
rockets was strictly a do-it-yourself affair! He worked with 
sums of money that seem absurdly small by today's stan¬ 
dards. It is estimated that throughout his career he spent 
about $200,000 on rocket research, which is less than the cost 
of a single, small guided missile of today. 

On the shoestring budget that his university allowed 
him, Goddard doggedly pursued his dream of inventing 
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powerful rockets capable of inter-planetary travel. He gradu¬ 
ally evolved many of the concepts which are standard today 
in rocketry: multistage rockets, combustion chamber cool¬ 
ing, protection of human passengers from high acceleration, 
etc. But translating these into practice was an entirely differ¬ 
ent matter. In the absence of any external threat to the na¬ 
tion, military funding could only be meagre. Space travel 
had not yet fired the public imagination. It was thought to 
be the exclusive domain of science fiction writers with 
over-active imaginations! To add to the hurdles, Goddard 
himself was essentially a loner by temperament and hence 
had to carry on with very limited assistance from others. 

Despite these handicaps, there was one driving force 
which kept Goddard going through the years of toil, 
ridicule and frustration. This was his indomitable confi¬ 
dence in the correctness of his ideas. "He knew precisely 
what he was doing. Never have I seen so much confidence," 
remarked an official whom Goddard once approached for 
the funding of his research. 

At Clark University, between 1914 and 1916, Goddard 
worked on the fundamental theory of rocket flight and built 
and tested small, solid-propellant rockets! He obtained two 
patents, one for a rocket nozzle designed to give the maxi¬ 
mum possible thrust and the other for an improved com¬ 
bustion chamber design. He also proved that the thrust of a 
rocket is based on reaction and is not due to the rocket 
exhaust gases pushing against the atmosphere, as was 
widely believed. As such, a rocket can work even better in 
the vacuum of inter-planetary space than in the earth's 
atmosphere. This finding immensely increased the range 
of application of the rocket including travelling to other 
planets. 

But Goddard could hope to achieve little with the 
scarce resource his university offered. Fortunately, the 
Smithsonian Institution gave him a grant of $5000 to 
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continue his work. Goddard was aware that the rocket 
could be a weapon of destruction as well as the means of 
taking man away from the earth. In 1918, he developed 
and demonstrated to the US Army a rocket launcher, es¬ 
sentially an open tube, from which a rocket powerful 
enough to penetrate the thick armour plate of an army tank 
could be launched. Since rockets eject exhaust fumes with 
high velocity through their rear, they do not suffer from 
the recoil of the conventional artillery gun. Hence, a pow¬ 
erful missile can be launched from a very light launcher, 
which can be carried even by an individual soldier. 
Goddard's work formed the basis for the later development 
of the Bazooka and the Panzerfaust, used very effectively 
against tanks by the American and German armies 
respectively, in the Second World War. 

In 1919, Goddard published a book, A Method of Reach¬ 
ing Extreme Altitudes, which is today considered one of the 
classic works on rocketry. But at that time it only earned him 
public ridicule. The press poked fun at his predictions of 
inter-planetary travel. He came to be called the 'moony 
professor', and this subsequently prompted the sensitive 
Goddard to avoid the press. 

About this time Goddard met and married Esther Kisk, 
sixteen years his junior and an employee of Clark Univer¬ 
sity. She assisted him in his later work as photographer, 
secretary, etc. Above all, she mastered the art of managing 
the family on a shoestring budget! Even after years of asso¬ 
ciation with him she could not help marvelling at his 
apparent immunity to discouragement. Only once did he 
jot down in his diary a bad day. "It must have been an 
incredibly bad day," was Esther's remark! 

Goddard worked on both liquid and solid fuel rock¬ 
ets. His work encompassed an enormous range of fields 
covering propellants (liquid hydrogen and oxygen as 
propellants), guidance and control and structures. In the 
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course of his career he obtained more than two hundred 
patents based on his concepts. He was plagued by erratic 
and meagre funding from Clark University, the US Navy 
and some private foundations which kept the work alive 
but not vigorous. 

In 1926, Goddard was ready to conduct tests with small 
liquid-fuelled rockets. He set up a simple test stand in the 
farm of a relative in Auburn, Massachusetts. It was a simple 
3 m long rocket. It stubbornly refused to get off the test 
stand! When it finally did on 16 March 1926, it rose about 
12 m in the air to travel a distance of about 70 m. It was not 
a very impressive performance, but, as Wernher von Braun, 
a younger rocket expert remarked later, neither was the 
first historic flight of the Wright brothers in December 1903. 
But, it was the forerunner of all ICBMs (ballistic missiles) 
and rockets to the moon. 

Goddard gradually improved the rocket and on 17 July 
1929, it rose 30 m in the sky before crashing down with a 
thunderous roar. The alarmed town people saw to it that no 
more tests were conducted by the 'moony professor'. All 
Goddard's explanations failed to convince the people or the 
authorities. 

Fortunately enough, there were a few who recognised 
Goddard's talents. Charles Lindberg, famed for making the 
first solo crossing of the Atlantic by aeroplane, admired 
Goddard and secured for him in 1930, a grant of $25,000 from 
the Guggenheim Foundation for continuing his work. 
Goddard chose a test site in New Mexico, where the desert 
offered clear, wide, open spaces, devoid of complaining 
neighbours! 

In his new testing ground, Goddard steadily improved 
his liquid-fuel rocket, using petrol and liquid oxygen as the 
propellants. The first launching at the new site took place 
in 1930. In 1932, he added a gyroscopic stabiliser. He had 
to scale down his work drastically during the economic 
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depression of the following years. In March 1935, his 
liquid fuelled rocket, now nearly 5 m long and weighing 
about 35 kg (compare it with the inter-planetary rockets of 
today, weighing hundreds of tons!) rose to a height of 2,200 
m and reached nearly sonic velocity. 

Outbreak of the Second World War in 1939 gave a 
fillip to rocket development. Goddard was given a contract 
to develop liquid-fuelled rocket boosters for aircraft. In 1942, 
he shifted to the Navy Engineering Experimental Station at 
Annapolis, Maryland. He concentrated on the development 
of high-speed turbopumps, capable of meeting the enormous 
flow rates of liquid fuels used in rockets. 

Developments in another country were to suddenly 
focus attention on Goddard. Alone among the warring 
powers, the Germans had placed great faith in the rocket 
as a long-range weapon. Hermann Oberth and Wernher 
von Braun were counted among the early rocket enthusi¬ 
asts. Long-range rockets (V2), developed by the Germans, 
were rained on Great Britain in the final months of 1944 
and early 1945. It was an impressive technical achievement. 
The rocket rose above the atmosphere and crashed into 
London soundlessly (it flew much faster than sound). There 
was absolutely no defence against it. Only the fact that 
Germany was close to defeat by then prevented greater 
damage being done. 

Suddenly the world realised that here was a creation of 
science that could be the ultimate means of delivering 
weapons. The long-range rocket, carrying nuclear weap¬ 
ons, could be the cause of civilisations' destruction. But 
alternatively; it could also be the means of carrying man 
beyond the earth into the vastness of space. It could be used 
to place satellites in earth's orbit to monitor the weather, 
transmit telephone conversations between continents, scan 
the earth for minerals and other resources, etc. 

The utility of rockets has been greatly increased by 
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modern developments in electronics. Computers enable 
complex calculations of trajectories to be made and also 
take over the guidance of the rocket. Miniaturisation of 
electronic components has allowed plenty of sophisticated 
instruments to be packed into rockets. The marvellous web 
of telecommunications that we enjoy today through satel¬ 
lites is primarily due to the combined use of rockets and 
electronics. 

Regrettably, Goddard did not live to see many of his 
dreams come true. He died on 10 August 1945, aged sixty 
two. He, Hermann Oberth of Germany and Konstantin 
Tsialkovsky of Russia were the only ones to foresee the 
potential of the rocket and plough their lonely furrows until 
the rest of the world saw light. 



15 



IGOR SIKORSKY: 

Creator of the Modem 
Flying Carpet 


The story of the magic carpet in the Arabian Nights has 
delighted children for generations. At times reality comes 
remarkably close to fiction. In the modern world we do 
have a flying machine with the capability of the magic 
carpet to land in small spaces, hang motionless over a spot, 
etc. It is the helicopter. Climbers trapped on mountain tops, 
sailors on the decks of sinking ships, people caught in burn¬ 
ing skyscrapers have been rescued by helicopters—feats no 
fixed-wing plane can emulate. In one case, a man being 
swiftly drawn by the powerful water current towards the 
Niagara Falls was picked up in time by a rescue helicopter. 
Helicopters facilitate rapid evacuation of the injured and 
sick, supply of food and medicines to people marooned by 
floods, traffic regulation by helping the police, laying of 
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electrical cables and even herding sheep and cattle! For 
rescue and relief operations the helicopter has been the 
greatest boon ever known. 

The helicopter was developed much after the fixed- 
wing aircraft, but conceptually it is much older. Italian 
artistic genius, Leonardo da Vinci, was the first to envision 
the helicopter more than five centuries ago. Though a num¬ 
ber of pioneers helped to develop the helicopter, one 
individual's name is linked with the modern version more 
than that of any other—Igor Sikorsky. 

Igor Sikorsky was bom in Kiev, Ukraine, on 25 May 
1889. His father was a professor of psychology, but he fed 
the eager son information on all branches of science like 
astronomy, electricity, physics, etc. His mother, a trained 
but non-practising physician, had a keen interest in arts. 
One day she showed him the sketches of a helicopter as 
conceptualised by the great painter, Leonardo da Vinci. 
Young Igor was instantly hooked for life with an intense 
passion for helicopters. At the age of twelve, despite the 
scepticism shown by his elders, the boy built a rubber band 
operated toy helicopter that fluttered upto the ceiling. 
Sikorsky never forgot the lesson he learnt from it: never be 
deterred by 'received wisdom'. 

In 1903, Igor entered the Naval Academy at St. Peters¬ 
burg, but the pull of innate engineering talent made him 
resign from the navy in 1906 and take up the study of engi¬ 
neering. He first underwent a course in Paris, the then 
centre of world aviation. After the training, his instructor 
advised him to forget about helicopters. But Igor ignored 
the advice and joined the Polytechnic Institute in his native 
town, Kiev. He left the course in-between as he found the 
theoretical teaching irrelevant to solving exciting practical 
problems. He decided to start his own workshop and 
laboratory. 

Igor's first attempts were aimed at building a 
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helicopter. He received financial support and encourage¬ 
ment from his father. The helicopter was intrinsically more 
difficult to build and control than the fixed-wing aircraft. 
The models he built in 1909 and 1910 failed. So he turned 
to the design of fixed-wing aeroplanes. He regarded the 
two years' work as a first step in the learning process. 

Sikorsky gradually acquired fame as an aircraft 
designer. The first few planes that he and his associates 
built were capable of only stunt flying. But his fifth and 
sixth efforts were crowned with success. The latter, a 100 
horse-power plane, flew at 100 km per hour and 
carried two passengers. Before his twenty-third birthday, 
Sikorsky had become the designer and chief engineer of an 
aircraft manufacturing plant. Within two years he paid back 
his family all the money that they had trustingly lavished 
on his work. 

In his new job, Igor built the first four-engined aircraft, 
a monster for those days (he Grand, it was named!), capable 
of carrying eight passengers. The Czar of Russia, highly 
impressed by the aircraft, presented him a gold watch (it 
was to come in handy later during difficult times). 

During the First World War (1914-1918) Sikorsky was 
in his elements. He built large four-motored bombers for his 
country's airforce, making a fortune for himself in the 
process. When the communist revolution broke out in 
Russia in October 1917, Sikorsky was highly disheartened. 
He abandoned all his assets and with very little money (and 
even less English) arrived in the USA, as an immigrant in 
March 1919. 

Even the land of opportunity, the USA (as discovered 
by many before him) was no bed of roses for Sikorsky. He 
struggled for some years as a teacher. His knowledge of 
aeroplanes drew some like-minded Russian immigrants to 
him and in 1923, they started the Sikorsky Aero Engineering 
Company. He began building a two-engined passenger 
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plane. But for months no one received a salary and Igor had 
to pawn his Czar-presented gold watch to keep the wolf from 
the door of his workmen! 

The first plane turned out at his factory failed. Fortu¬ 
nately his shareholders had enough faith in him to support 
another attempt. The second plane, a fourteen-seater, 
succeeded. The next one, the S-28 a ten-seater amphibious 
plane (capable of landing and taking off on water also) 
really turned the tide for him. It was widely used in 
passenger and mail service. In 1928, Sikorsky's firm merged 
with the much bigger United Aircraft Corporation since 
Sikorsky found himself incapable of managing the 
financial matters of his company. 

Despite all these developments, Sikorsky's heart inevi¬ 
tably lay with the helicopter. In 1938, with his reputation 
well established, he sought financial assistance from the 
United Aircraft Corporation to support the manufacture of 
the helicopter. He now got down to work whole-heartedly. 
A year later he rolled out a weird contraption with a hori¬ 
zontal propeller. Since no one knew its mechanism as well 
as he did, he had to pilot it also. It was tethered by a chain to 
the ground. Amazingly enough, it rose a metre above in the 
air and hovered there. 

In the next two years he gradually rectified its defects 
and demonstrated the amazing ability of the helicopter to 
rise vertically, hover over a spot and land in small clearings. 
The US Army ordered its first helicopter from Sikorsky in 
1941. Since then thousands of helicopters in various forms 
and shapes, have been built. The smallest of them can carry 
a single person, while the largest can lift and transport heavy 
lorries. The company that Sikorsky founded is today one of 
the best-known manufacturers of helicopters. 

The helicopter with all its virtues has some inherent 
limitations. It is more difficult to control than fixed-wing air¬ 
craft and the speed is much less. To counter these drawbacks. 



124 


INVENTORS WHO REVOLUTIONISED OUR LIVES 


helicopters with fixed wings and rotors which can be tilted 
to function in the horizontal or vertical planes have been 
developed. Such machines land or take off as helicopters but 
fly like aeroplanes. Gas turbines have been used as helicop¬ 
ter power plants in order to provide high power to the rotor 
while keeping the engine weight low. But fixed-wing 
aircraft and helicopters seem to have carved out their own 
areas of application with little overlap. For large-scale, long¬ 
distance transportation fixed-wing aircraft are best suited. 
Helicopters, on the other hand, are useful to hover over a 
spot or land in small, unprepared fields. In addition to 
rescue and evacuation work, helicopters are used widely 
in the armed forces for transporting troops (upto thirty 
fully-armed men), in fighting forest fires, etc. 

Igor Sikorsky's professional life practically spanned the 
birth and growth of aviation as a science and industry. He 
was deluged with honours and awards by governments and 
universities in the latter part of his career. He retired from 
active service in 1957, but acted as a consultant till his death 
on 26 October 1972. A quotation that he was fond of sums 
up his attitude to invention: "According to the accepted 
tenets of aerodynamics the bumble-bee cannot fly because 
the shape and area of its wings are inadequate to support 
its body weight. But the bumble-bee does not know this 
and flies anyway." 
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ROBERT WATSON-WATT: 

Crucial Contribution to 
Saving a Nation 


It was a critical period during the Second World War. In 
May-June 1940, the German armed forces had overwhelmed 
France effortlessly. The USA and erstwhile USSR were still 
neutral in the conflict. Hitler's Germany reigned supreme 
in Continental Europe. Only the British nation remained as 
the lone opponent to Hitler. If Britain too were to be defeated 
and occupied then all hope was lost of liberating occupied 
Europe for years to come. The world sympathised with 
Britain but doubted its ability to survive. General Maxime 
Weygand, chief of the defeated French Army, declared: 
"Within three weeks England would have her neck wrung 
like a chicken." 

The German armoury included their powerful airforce 
(the Luftwaffe). Their bombers and fighters had paved the 
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way for their armies in Poland, the low countries and France. 
The very name of the Luftwaffe evoked terror among the 
armed forces and civilians of Germany's opponents. The 
Germans, hence, confidently embarked on the famous Battle 
of Britain, during which British industries, ports, airbases 
and population centres were hammered from the air. The 
Germans expected to cow down the British into seeking 
terms or at least soften them prior to an invasion. 

However, a nasty surprise awaited the Germans. The 
hitherto invincible Luftwaffe was shocked by the strong 
opposition it encountered in the skies of Britain. The numeri¬ 
cally weaker Royal Air Force (the British airforce) seemed to 
have an uncanny ability to concentrate its fighter planes at 
the correct time and place to meet the German bomber 
streams and wreak havoc on them. An unseen hand seemed 
to be guiding them unerringly to their targets. The German 
losses mounted and by the end of that fateful year, 1940, 
Hitler was forced to give up his attempt to subdue Britain. 
He now diverted his attention to the erstwhile USSR. 
Britain was thus saved and with her the rest of the world 
too, from Nazi tyranny. In June 1944, Britain served as the 
springboard for the allied invasion of Europe, which finally 
resulted in Hitler's defeat (shortly after the Battle of 
Britain, a relieved and triumphant Winston Churchill 
crowed in reply to Gen. Weygand's earlier prediction, "Some 
chicken, some neck!"). 

The British success in this air battle was largely due to 
its radar system, an acronym for Radio Detection and Rang¬ 
ing, developed in great secrecy prior to the war, under the 
leadership of Sir Robert Watson-Watt. No invention, except 
possibly the atomic bomb, had a more decisive impact on 
the course of the war. 

Robert Watson-Watt was born on 18 April 1892, in 
Brechin, Scotland, as the youngest son of a carpenter. He 
studied physics and electrical engineering at University 
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College, Dundee and served in the faculty for some years. 
Radio communication was his particular field of interest. 
In 1915, Watson-Watt was attached to the meteoro¬ 
logical department specifically for locating thunder¬ 
storms by radio waves. This led to an in-depth study of 
the atmospheric phenomena. By 1930, his team had 
succeeded in developing a method of locating thunder¬ 
storms by the direction of radio waves from two or more 
stations. 

This success led to a government department asking 
him to examine the possibility of developing death rays for 
destroying aircraft in flight. His reply was that it was 
impossible to build one with the existing knowledge of 
science. However, it set him pondering over a phenomenon 
he had come to know earlier. Wireless operators had often 
complained of disturbances in their transmission and 
reception whenever any aircraft passed overhead. The rea¬ 
sonable surmise was that the radio waves were being 
deflected by the metal bodies of the aircraft. Watson-Watt 
wondered whether this fact could be used to locate the 
position, speed, etc. of aircraft from the ground. In Febru¬ 
ary 1935, he submitted a proposal titled 'Location of Air¬ 
craft by Radio Methods' to the British Government. A 
scientific committee examined the proposal and approved 
it. Under Watson-Watt's leadership a dedicated research 
team worked on the project. The basic principle was to emit 
short, intense radio pulses from the ground which would 
be reflected from the metal body of an aircraft, and then 
measure the time interval between the emission and recep¬ 
tion of the signal. This enabled trained operators to fix the 
height and distance of the aircraft from the radar set. 
Continuous monitoring also allowed estimation of the 
aircraft speed. The number of aircraft covered by the radar 
set could also be estimated. Thus defending fighter aircraft 
could be concentrated at the correct spot at the correct time. 
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A numerically weaker defending airforce (as the RAF then 
was) would thus gain a tremendous advantage through 
the possession of radar. 

Working with an enormous sense of urgency, Watson- 
Watt's team developed a successful radar system in a short 
time and the construction of a chain of radar stations on the 
southern coast of England was taken up in earnest. These 
consisted of a number of radar sets feeding data to concrete, 
underground sector stations where the data was collected 
and plotted on enormous, lighted glass maps. Based on this 
information, the defending air commanders could direct the 
fighter planes by radio messages. By 1938, the whole system 
was complete and ready for use. 

Radar conferred an enormous advantage on the RAF 
during the Battle of Britain, particularly since the Germans 
did not possess this facility and did not even suspect its 
possession by the British for some time. The RAF's 
relatively fewer aircraft could be used to maximum effect 
and this was one of the chief reasons for the British victory 
"Never in the field of human conflict was so much owed 
by so many to so few," said Winston Churchill when 
eulogising the valiant fighter-pilots of the RAF. He, how¬ 
ever, forgot to mention that even fewer scientists headed 
by Watson-Watt provided a vital tool to their victory. The 
fact that their work was done in complete secrecy might 
have been the reason! 

Watson-Watt continued to be involved with radar 
development for the rest of the war as it became more and 
more a vast organised affair. He later took up private 
employment and received several honours during his life¬ 
time: knighthood in 1942, fellowship of the Royal society. 
United States Medal of Merit, etc. But what must have given 
him utmost satisfaction was his role in saving his nation 
during the most crucial period of its history. He passed away 
in 1973. 
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Radar technology has greatly advanced in the years 
since then. A wide variety of radars are in use today, such 
as the Doppler radar, pulse compression radar, and others. 
Radars are used in civil aviation, airforce, maritime navi¬ 
gation, location of thunderstorms, etc. Radar beams from 
geostationary satellites even help in determining the 
profile of the ocean floor! Today's vast civil aviation traffic, 
involving the movement of millions of passengers and 
hundreds of landings and take-offs per day in major air¬ 
ports, is unimaginable without the radar system. 

Like many other inventions, the concept of radar was 
there in many minds and nations but no individual other 
than Watson-Watt saw its potential more clearly. Ironically 
enough, it was Britain which failed to develop the army 
tank during the inter-war years despite being the first to 
develop it in the First World War. But in the case of the 
radar, the confluence of a gifted inventor and a highly 
responsive government facilitated Britain to be the first 
nation to use radar in war, ahead of both its friends and 
foes. What Winston Churchill called the finest hour for 
Britain also witnessed a triumphant demonstration of the 
power of invention. 
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CHESTER F. CARLSON: 

Individual Inventors 
Still Count 


| It takes imagination and judgement to forsee the success 
of an invention. Many governments and corporate houses 
have lived to regret their rejection of inventions that 
subsequently turned out to be goldmines. James Watt's 
steam-engine was ignored as junk by the creditors of the 
man who was supporting his efforts. Similar was the case 
of the xerox machine which is so widely used today as to 
be taken for granted. Several of America's top corporations 
turned away its inventor repeatedly without sparing a 
second thought. But two small organisations who did back 
him ultimately reaped a veritable bonanza of fame and 
fortune. The value of their shares shot through the roof 
and the inventor himself became a multi-millionaire. But 
before this happy stage was reached there lay an arduous 
road of toil, failure and frustration for the inventor and 
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those backing him. Seldom is success achieved without 
paying a price. 

Chester F. Carlson was born in 1906 to parents of 
Swedish origin, in California, USA. Both his parents were 
invalids and his mother died when he was seventeen. 
Chester worked part time to support the family, but this 
did not deter him from pursuing his studies. After 
acquiring a degree in physics from the renowned Califor¬ 
nia Institute of Technology (CIT) in 1930, he joined the 
patent department of the Bell Telephone Laboratories in 
New York. Here his mind was perpetually engaged in 
making a new invention that could lead him out of the life 
of toil and insecurity he had known since childhood. He 
methodically combed through technical magazines in 
public libraries during his spare time. But the ingenious 
idea was to come to him at his own workplace, j 

\ Carlson noticed how difficult it was to make copies of 
patent specifications. They had to be photocopied by using 
the elaborate developing process of photography with wet 
chemicals and required skilled personnel. 'How much 
better/ he thought, 'it would be if there were a machine in 
the office, in which the original document could be inserted 
and the copies produced in a few seconds by an entirely 
dry process!' Nearly three arduous decades were to pass 
before Carlson's dream could be realised./ 

Carlson was not in favour of pursuing the photo¬ 
graphic approach. This field had been widely researched 
since the pioneering efforts of the 1830s and there was little 
likelihood of achieving any radical progress.! While looking 
for alternative methods, he came upon the phenomenon of 
photo-electricity. Certain substances, sulphur, for example, 
are electrical insulators in the dark, but when illuminated 
by a light beam their electrical conductivity increases 
dramatically. He also turned his attention to the field of 
static electricity which can be produced when materials 
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like glass, amber and sulphur are vigorously rubbed with 
other substances like felt, fur, feathers etc. 

Carlson pondered over the possibility of combining 
these two phenomena to make copies of documents by the 
dry process. The basic steps that he envisaged were: the 
surface of the machine would be coated with a photosensi¬ 
tive material and given a static electric charge. Light would 
be shone on this surface through a transluscent document 
to be copied. The blank portions of the document would 
allow light to pass through and the corresponding surface 
areas in the plate would lose their static electric charge to 
the metal base of the plate. The printed areas, on the other 
hand, would block the light and the corresponding 
portions on the surface of the plate would retain their static 
electric charge. This pattern then was to be transferred by 
a suitable process to a sheet of paper to obtain a copy of the 
original document. 1 

Carlson instinctively felt that he had hit upon the right 
idea. Highly elated, he filed a patent for it in 1937, calling it 
electrophotography. However, the idea though basically 
feasible, was to present tremendous technical difficulties, 
and Carlson's process had to be modified considerably 
before proving completely successful. 

Carlson put together the first working model of the 
xerox machine and on 22 October 1938, produced the first 
xerox image 10-22-38 ASTORIA on paper (in the USA the 
month is written first and the date later. Astoria was a 
suburb of New York where Carlson lived). The equipment 
was crude looking and the print not very legible. Carlson 
realised that considerable improvement was necessary to 
make it commercially viable. He was, however, confident 
of support from established office machine manufacturers 
since the essential feasibility of the process had been proved. \ 

But Carlson was to be bitterly disappointed. Not one 
corporate office came forward to lend support. The outbreak 
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of the Second World War also diverted their attention. 
Carlson despaired of his brainchild ever seeing the light of 
the day. However, help was to come from some smaller 
players in the field. In 1944, during a visit to Batelle Memo¬ 
rial Institute, a non-profit industrial research organisation 
in Columbus, Ohio, Carlson described his invention to a 
Batelle engineer, who then arranged for a demonstration. 
Batelle agreed to take up the development work in return 
for exclusive rights to Carlson's patents and 60 per cent 
of the proceeds from them. Work was started in October 
1944, for evaluating various photoconducting materials, 
identifying methods of surface charging, developing 
powders, etc. 

Help also arrived from another quarter, the Haloid 
Corporation of Rochester, New York, which dealt in photo¬ 
graphic papers and related supplies. An article on Carlson's 
work had appeared in a technical magazine and an abstract 
of it had been seen by the director. Dr John Dessauer, who 
brought it to the notice of his boss, Joseph C. Wilson. 

Wilson, at thirty-six, was a relatively young vice- 
president of the Haloid Corporation. Dynamic by nature, 
he was also worried about the future of the firm and felt 
that only a radically new product could ensure its future 
stability and success. He pounced on Carlson's invention. 
In the subsequent years, Wilson's faith and nerves were to 
be strained to the limit. He calmly weathered crisis after 
crisis so much so that he, Dessauer and Carlson had to 
even throw in their personal savings to keep the xerox 
development work going. 

To begin with, Wilson cautiously committed $10,000 
per year to the development of the xerox process, but in the 
subsequent years, he had to pour in millions of dollars to 
overcome the technical problems that cropped up one 
after another. 

The first objective now was to convert Carlson's 
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machine, which required a transluscent document printed 
on one side, to one which could produce copies of 
documents printed on ordinary paper, on both sides. For 
this Carlson and his team decided on a system in which 
light produced by an internal lamp is reflected from the 
document and through a system of lens gets projected on 
to the plate. But for this system to work, they had to under¬ 
take a massive search for a better photoconductive mate¬ 
rial than sulphur. Finally, selenium seemed to be the 
answer to their needs. To generate the electrostatic charge 
on the plate they designed a corona current generator, in 
which an electrically heated wire, employing high voltage 
and with a control grid, produced an electrostatic charge 
on the surface by ion emission. For transferring the 
powder image from the surface they had to develop suit¬ 
able toner powders. Finally, the plate was replaced by a 
rotating drum, in which the different steps could be 
carried out in sequence. 

The huge amounts of money pumped into the project 
forced the Haloid Corporation to prematurely introduce into 
the market a xerox model in 1950, which promptly failed. 
However, subsidiary uses of the xerox process in lithographic 
machines and in large-scale duplication of technical 
drawings for the armed forces brought in the much needed 
revenues and gave a new lease of life to the company. 

\ Finally in March 1960, the Xerox 914 model ( xerogra¬ 
phy in Greek means "dry writing') hit the market\Haloid 
had to lease the machines to customers since they could 
find no large corporation to back them (even at this stage!). 
It proved to be a goldmine. Office secretaries quickly 
realised its advantages over photographic processes involv¬ 
ing mesSy, wet chemical treatment. They persuaded their 
bosses to order the xerox machines for them. Haloid's sales 
climbed sixteen- fold within a matter of five years and the 
value of its stock increased one-hundred-and-fifty times! 



CHESTER F. CARLSON 


135 


Chester Carlson reaped about $25 million as his royalties. 

The xerox process has become very popular over the 
years. Colour xerography, using three primary colours— 
magenta, yellow and cyan—has been developed, but is|more 
expensive than plain xeroxing. Production of copies has been 
made much faster, to rival even printing in certain cases. 

The xerox saga holds out several lessons for budding 
inventors. The first is that even in these days of giant 
corporates and huge research organisations there is a place 
for the individual inventor. Highly creative ideas originate 
in individuals and not in committees! Secondly, the path 
between the conception of an invention and its realisation is 
often arduous and frustrating. Only an inventor with high 
self-confidence and tenacity succeeds in the face of such 
obstacles. Thirdly, even though the concept of an invention 
may originate in an individual, its development is enor¬ 
mously accelerated by group effort. Carlson might never 
have succeeded if he had tried to develop the xerox process 
all by himself. Fourthly, if an invention is essentially 
feasible and is pushed through to completion by determined 
effort, its impact on society can be impressive. Even the 
developers of the xerox process were astounded by its enor¬ 
mous success (one of them confessed that the demand for 
the machine proved to be a thousand times greater than 
their initial estimates). Finally, a nation (like the USA) that 
provides freedom and financial assistance to individual 
inventors reaps immense benefits in the long run. 
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FRANK WHITTLE: 

The Triumph of 
Perseverance 


Very seldom do inventors get support or encouragement 
for their work in the crucial initial stages. Thomas Alva 
Edison's contention thait electricity could be generated and 
distributed to large populations was unanimously rejected. 
Charles Babbage found few takers for his mechanical cal¬ 
culators, the forerunners of computers. Resistance to new 
developments is partly due to difficulty in sifting the few 
genuinely promising ideas from a host of non-viable 
schemes. Partly it is due to the basic conservatism of the 
human mind. The normal tendency is to resist new ideas 
and new ways of doing things. Large organisations are loath 
to see their huge plant and machinery rendered obsolete 
by radical new developments. Even some scientists and tech¬ 
nologists dread the new breakthroughs that may make 
their expertise irrelevant. 
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The development of the gas turbine (jet engine) too 
witnessed such opposition. Its pioneers had to struggle with 
the indifference of government bureaucrats and the hostil¬ 
ity of even the airforce which stood to benefit most from its 
introduction. But in the best traditions of inventors, they 
persevered under trying conditions until the tide turned in 
their favour. 

Like many inventions, the concept of the gas turbine was 
generated much earlier through the steam turbine which was 
introduced in the 1890s. As an improvement on this, the next 
logical step was to make a turbine in which the products of 
combustion of a fuel in air would directly drive the turbine 
instead of transferring its heat to another medium—steam— 
which then operated the turbine. This idea could not take 
shape, firstly because the turbine blades had to withstand very 
high temperatures, and suitable metals or alloys were not 
available; secondly, the aerodynamics of the flow through the 
compressor blades were not well understood and hence the 
compressor efficiencies were very low. By the 1930s, Frank 
Whittle succeeded in making the first gas turbine. 

Frank Whittle was bom in Coventry, England on 1 June 
1907. His father owned a small machine shop. Aeroplanes 
were an obsession with him and he never considered any 
other career. He could overcome poor health and physique 
with his drive, enthusiasm and commitment. At the age of 
sixteen he joined the Royal Air Force (RAF) and was selected 
for further training at the RAF College at Cranwell. During 
this period he acquired whatever knowledge he could on 
aerodynamics and other related subjects. In 1928, his final 
year at Cranwell, he wrote a thesis on 'Future Developments 
in Aircraft Design'. In it he proposed an engine akin to the 
current-day turboprop engine in which a compressor, 
combustion chamber and turbine could be used to gener¬ 
ate the power to drive a conventional propeller. The thesis 
is today preserved in the Science Museum of London. 
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After graduation. Whittle married Dorothy Lee and 
as a pilot officer in the RAF vigorously tried to give shape 
to his concept of the gas turbine. The British government, 
however, turned it down as highly impractical! 

Not to be discouraged so easily. Whittle kept working 
on his own and filed a patent for it in 1930. Some years later, 
when the patent came up for renewal, he could not afford to 
pay the paltry fee required and allowed the patent to lapse! 

Fortunately, a few of Whittle's friends set up a private 
firm, called Powerjets Limited in 1936, to develop the gas 
turbine, with Whittle as the honorary chief engineer. Whittle 
threw himself into the task with a fervour that led to his 
physical breakdown. This was to become a recurrent feature 
of his career, because his poor health was unable to match 
the demands of his enthusiasm. Nevertheless, by 1937, he 
had readied a working model of the engine which 
demonstrated the essential feasibility of his ideas but was 
too unreliable for general use. During a laboratory test the 
engine raced away dangerously and everyone except Whittle 
took to his heels. He shut off the fuel and stopped the engine; 
he even admitted later that he was just too scared to rim 
away! 

Following the outbreak of the Second World War the 
British government decided to extend him support. The first 
British plane, Gloster Meteor, fitted with gas turbine engines 
came to fly in the air in 1941. The undemonstrative Whittle 
had no memorable words for the historic occasion! 

In spite of the successful trial, operational jet fighters 
were not built by the Allies in significant numbers till the 
end of the war in May 1945. It was only in the subsequent 
wars in Korea, Viet Nam, etc. that the jet fighter came into 
its own. It was nearly twice as fast as the piston-engined 
fighters and quickly displaced the latter from the skies. Could 
Britain have prevented the heavy German bombing of her 
people in 1940, if Whittle had been encouraged to produce 
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the jet fighter earlier? One of the many imponderables of 
history! 

Strangely in Germany a physicist by the name of Hans 
von Ohain had also independently conceived of the jet en¬ 
gine. He too encountered resistance and the Luftwaffe 
(German airforce) even ordered shelving of all work on the 
project. It was due to the encouragement from the aircraft 
manufacturers, Heinkel and Messerschmitt, that Germany 
employed the operational jet fighter before the Allies could. 
But this came too late to affect the outcome of the war. The 
governments of the two rival nations, Germany and Britain, 
were atleast united in resisting innovation! 

Once the potentiality of the jet engine was realised, 
progress was spectacular after the war. Within a few decades 
military jet aircraft with speeds higher than Mach 2 (twice 
the speed of sound) and huge passenger jets capable of car¬ 
rying more than three hundred people could be seen flying 
in the sky. Air travel has become very common now. 
Millions of people and thousands of tons of freight are 
moved by air every year and today, no major city of the 
world is beyond a few hours of jet travel from any other. 
Tourism and business have received a major boost with air 
travel, mainly by jet planes, and the world is coming more 
and more close together. 

Jet engines fall into several categories, the most impor¬ 
tant of them being the turbojet, turbofan and the turboprop. 
Fig. 18.1 shows the principal parts of a turbojet engine. Air 
from the atmosphere is sucked into the compressor and 
after compression, it is fed to a combustion chamber where 
the fuel, usually a refined form of kerosene, is injected. The 
resultant combustion raises the temperature of the work¬ 
ing fluid which then expands in the turbine, performing 
work. The turbine drives the compressor. The gas leaving 
the turbine has still a lot of energy and is expanded in a 
nozzle to atmospheric pressure and expelled. The 
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T-TURBINE J-NOZ2LE 


Fig. 18.1: The turbojet engine 

momentum of this jet creates a reaction (Newton's Third 
Law), which propels the aircraft forward. Turbojets can 
reach very high speeds, above Mach 3 (propeller planes fly 
well below Mach 1). Hence, they are favoured for military 
aircraft. However, they are not efficient with regard to fuel 
consumption. 



Fig. 18.2: The turbofan engine 



FRANK WHITTLE 


141 


Fig. 18.2 shows the turbofan engine, fitted to most large 
civilian aircraft like the Boeing 747 and Airbus 320. Here 
the fan shown draws in a much greater quantity of air than 
required by the compressor. A part of the air flows through 
the compressor but the bulk of it is passed by the fan through 
a closed duct and expelled at the rear. Both the fan and the 
compressor are driven by the turbine. The major part of 
the thrust is obtained from the by-passed air. The turbofan 
engine cannot produce such high aircraft speeds as the 
turbojet, but is far more efficient with regard to fuel 
consumption. Hence, it is the natural choice for civilian 
aircraft. 

Fig. 18.3 shows a turboprop engine. Here the gas tur¬ 
bine drives a propeller, which produces the thrust required 
for flight. Aircraft speeds are lower than those for the 
first two types, but this system provides high power for 
take-off. 
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P-PROPELLER G-GEAR BOX C-COMPRESSOR T-TURBINE 
Fig. 18.3: The turboprop engine 


Gas turbines are also used to power helicopters and 
hovercraft. The gas turbine is likely to be the major aircraft 
power plant in the foreseeable future. Other possible power 
plants like rocket engines are more difficult to control and 
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hence, less safe. Consequently, the main development 
effort is directed at improving the gas turbine. In particu¬ 
lar, the temperature of the gas entering the turbine is sought 
to be continuously raised. A higher gas entry temperature 
means higher efficiency for the system. One way to achieve 
this is to cool the turbine blades internally so that their 
surface temperature is lowered. For this, a part of the 
compressed air can be circulated internally through the 
blades. Another method being investigated is coating the 
blade surface with a layer of ceramic which can withstand 
high temperatures, has low thermal conductivity and so 
can function as a thermal insulator, protecting the metal 
part of the blade. 

Gas turbines presently power medium-sized warships 
also. They are lighter than diesel engines for a given power 
output and can be started more quickly than steam power 
plants. Gas turbines are playing an important role in 
stationary applications too. Natural gas-operated gas- 
turbine power generation systems of about 200 MW are 
already in operation. Since there is no limitation with 
regard to weight in such applications (unlike aircraft), the 
hot exhaust gas from the turbine is used to operate a 
secondary steam power cycle, increasing the overall 
efficiency of power generation. They can also be installed 
more quickly. For these reasons, gas-turbine generating sets 
are often used to meet sudden demands of power on the 
electric power generation system or at peak load times. 

The gas turbine has made spectacular progress since 
the days when Frank Whittle struggled to make it work. 
However, the neglect and obstruction that he suffered in 
the initial stages were more than compensated by the 
recognition and adulation that he received after the Sec¬ 
ond World War. He was knighted in 1948, and the British 
government awarded him £1,00,000 (tax-free) in recogni¬ 
tion of his contributions. But he paid a price for success 
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with his health failing. He sought retirement in 1948 and 
emigrated to the USA in 1976, in search of a quieter life. He 
taught at the Naval Academy in Annapolis and passed 
away in August 1996. 

Frank Whittle, an otherwise normal and modest man, 
was quite extraordinary when it came to stubborn faith in 
his own ideas and therein lay the secret of his success. 
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EDWIN LAND: 

Father of Instant 
Photography 



The little girl was thrilled when her father clicked his 
camera. Then she eagerly asked him when she could see 
the photograph. The father replied that it would take a 
few days. The response of the disappointed child was: "Why 
not now. Father?" This innocent question set him thinking: 
'Why indeed not?' For this was no ordinary father. He was 
Edwin Herbert Land, a gifted physicist and inventor. The 
camera that he invented to satisfy his daughter was the 
Polaroid camera, destined to become a world-famous 
product one day. 

Photography had of course come a long way even 
before Edwin Land's time. J.H. Schultze first noticed in 1727, 
that a mixture of silver nitrate and chalk got blackened by 
light. In 1802, T. Wedgewood demonstrated that images 
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could be produced by the action of light on a paper soaked 
in silver nitrate. L.J.M. Daguerre developed the method of 
engraving a portrait on a metal surface coated with silver 
iodide and developed by mercury vapour. By 1840, the 
camera and films, as we know them, began to take shape. 
George Eastman introduced the Kodak camera in 1888, 
and photography became possible for millions of people. 
The electronic flash became available in the early 1930s and 
colour films in early 1940s. Movie cameras, pioneered by 
Thomas Alva Edison in the early years of twentieth 
century, constitute the backbone of today's large, world¬ 
wide film industry. 

Edwin Land was born in Bridgeport, Connecticut, 
USA on 7 May 1909. After schooling, he entered Harvard 
University to study physics. There he became interested in 
polarised light. In ordinary light the electric field vector 
oscillates in all directions, but in polarised light this oscilla¬ 
tion is confined to one definite direction, perpendicular to 
the direction of light propagation. During this period, 
polarised light for optical instruments was produced with 
special crystals which were expensive. Land bent his mind 
to this problem and came up with an effective and inex¬ 
pensive solution. Transparent plastic containing numerous 
tiny iodine crystals was extruded through small holes to 
produce a thin sheet in which the crystals were oriented in 
the same direction. Land patented this process in 1929. With 
suitable modifications it could also be used to produce 
anti-glare headlights, sunglasses, optical filters, etc. 

Edwin Land was one for whom academic degrees 
meant little. Sensing the potential of his polarised sheet, 
which he called 'polaroid', he left college midway, and 
founded a firm to manufacture the new material in 
Boston. He took on as his partner, George Wheelwright, 
who had been his physics teacher at Harvard. To develop 
the polaroid process further the two also set up a 
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laboratory under the name Land-Wheeler Laboratories. 
This, later in 1937, became the Polaroid Corporation. 

American universities have a tradition of encourag¬ 
ing the entrepreneurial efforts of their students and 
faculty. Harvard offered Land access to its laboratories. 
Land developed a variety of devices including the 3- 
dimensional motion pictures, the victograph process 
(whose photographs, when viewed through polaroid 
filters produced a stereoscopic effect) and numerous 
optical devices for the armed forces. However, Edwin Land 
is best remembered for the polaroid camera. 

Responding to his daughter's query, Land started 
working on a camera in which the film could be developed 
within the camera and the print delivered within a few 
minutes. Using the principle of diffusion transfer of the 
image, he first demonstrated the system on 21 February 
1947, at a meeting of the Optical Society of America. 
November 1948 saw the first commercial polaroid camera, 
1963 saw the first colour polaroid camera and 1972 wit¬ 
nessed the dry process of photograph development. 

A polaroid film consists of two groups of layers: the 
first is the image-forming section which produces a negative 
and the second which forms a positive colour image, that is, 
the finished print. The negative section has three layers 
sensitive to blue, green and red colours. Under each layer, 
there is a layer of developing agent. During exposure, light 
enters through all the three layers and creates a latent 
image. After exposure, the film is slowly ejected from the 
camera. During this process, a processing chemical is 
injected between the positive and negative layers. The 
developing and fixing processes are completed by the time 
the’pririt emerge^ fn about one minute. 

Jhe’polaroid carTiefaf became an instant success with 
the and. more th^A a million units were sold within a 

few yeat&ltdwin Uarfd had a very shrewd business sense 
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too. The Polaroid Corporation that he founded became one 
of the world's leading photographic companies. During the 
Second World War, Land worked on optics and missiles for 
the US armed forces. 

Today photography has reached heights unimagined 
by even its pioneers. Cameras mounted in military satellites, 
orbiting hundreds of kilometres above the earth can photo¬ 
graph objects as small as a truck on the earth's surface. 
Aerial cameras help in exploration of oil, gas, etc. Under¬ 
water cameras bring the beauties of the deep ocean to our 
drawing rooms. In medicine, tiny cameras introduced 
through probes give surgeons accurate pictures of the 
inner organs of a patient. At the other end of the scale, 
astronomical telescopes function as giant cameras to record 
the patterns made by the stars. It all seems amazing when 
we remember the fact that the first crude photographs were 
produced only about one-hundred-and-fifty years ago. 

Edwin Land retired in 1982, and passed away on 
1 March 1991, in Cambridge, Massachusetts. By his 
success he proved that individual initiative and brilliance 
can overcome all obstacles. 




PartC 

MODERN DEVELOPMENTS 




1 


INTRODUCTION 


In the six decades after the Second World War, the world 
has experienced spectacular progress in technology. 
Instantaneous communication systems, penetration of 
electronics and computers into almost all human activities, 
weapons that have made previous ways of warfare 
obsolete—it is a very long list. 

In the post-war period too, individual inventors have 
counted, but in a different way from those of earlier eras 
described in Section B. Due to the spread of education and 
the huge resources devoted to research all over the world, 
contributions now come from many inventors almost 
simultaneously and big corporations play a major part in 
commercialising their work. Hence for this period it is more 
appropriate to discuss technological progress in terms of 
fields and include the contributions of individual inventors 
in the account. 

Though there has been all-round technological 
progress, three fields really stand out in this period: Elec¬ 
tronics, Computers and Biotechnology. The impact of the 
first two is well known even to laymen but Biotechnology 
may ultimately have a still greater impact on human 
society. For the first time since the Industrial Revolution, 
biological sciences are entering a scene long dominated by 
the physical sciences. There are exciting times ahead. 

But what is common to the earlier era and the present 
is still the importance of individuals in progress. Human 
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qualities such as originality, perseverence and dedication 
are as important to present day inventors as they were to 
Michael Faraday or Thomas Alva Edison. It is individuals 
who possess and nurture these qualities that will become 
the leaders of science and technology in any age. 



2 


THE MARVELS OF MODERN ELECTRONICS 


The pioneers of electricity, who strove mightily to under¬ 
stand the subject of electricity and to use it, from Alexandra 
Volta to Thomas Alva Edison, did not realise what exactly 
an electric current was, though it was their main interest in 
life. The prolific Edison actually stumbled on the explana¬ 
tion but did not notice it. In the incandescent light bulb that 
he invented, when he introduced a metal plate some 
distance from the glowing filament he found that an elec¬ 
tric current was set up between the two. It came to be called 
the Edison Effect, the only discovery in basic science made 
by the great inventor, but its explanation eluded science 
then. 

The breakthrough came in 1897 when J.J. Thomson of 
Britain discovered the electron. He determined that it was 
a negatively charged particle with an unimaginably small 
mass and electric charge. An electric current is a flow of 
electrons through an electrical conductor like copper, 
aluminium, etc. Materials like porcelain, rubber, wood, etc. 
do not allow such a free flow of electrons and they are 
called insulators. There are other materials like silicon and 
germanium which fall in-between the two and they are 
called semiconductors. Incidentally, it was found that an 
electric current flowed from what was conventionally 
designated as the negative terminal to the positive termi¬ 
nal, the opposite of what the early pioneers had assumed! 

Later research proved that atoms, the building blocks 
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of the universe, consist of a nucleus formed by positively 
charged particles—protons, particles with no electric 
charge—neutrons, along with negatively charged electrons 
orbiting the nucleus. The number of protons, neutrons and 
electrons vary greatly between atoms of different materi¬ 
als. Hydrogen has just one proton at the centre and one 
electron in the orbit. But a form of uranium U 235 , has 92 
protons and 143 neutrons in the nucleus with 92 electrons 
orbiting the nucleus. The number of protons and electrons 
in a matter is equal, so that the atom is neutral in electric 
charge. If due to some reason electrons are stripped from 
the orbit the atom becomes positive in charge and is called 
an 'ion'. 

Thermionic Valves 

The first practical step in electronics was taken by John 
Ambrose Fleming of Britain, when he constructed the 
Diode in 1904. It consisted of an evacuated and sealed glass 
tube in which an electrically heated filament emitted 
electrons (hence negative, called cathode) and a plate was 
located some distance from the cathode and positive in 
polarity (anode). A current was set up between the two. 
This device, the Vacuum Tube, was also called a 'valve' 
since it allowed the current to flow only from the cathode 
to the anode. It could also convert an alternating current 
applied to the cathode into a direct current. This was the 
first useful electronic device. 

But an even more important step was taken in 1906, 
when Lee de Forest of the USA invented the Triode. He 
introduced a metal grid between the anode and cathode. 
By applying small voltages to the grid a large current 
flowing through the cathode and anode could be regulated. 
Hence it was an effective amplifier. A weak wireless signal, 
for example, applied to the grid could regulate a relatively 
large current passing from cathode to anode in step with 
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its own variations. In effect it functioned as an amplifier. 
Further improvements were made in time including the 
introduction of a second grid, third grid, etc. This system 
became the heart of the radio, which (from the 1920's) be¬ 
came the first medium of mass communication encompass¬ 
ing the whole world. A radio listener in India could instantly 
learn of something happening in Britain, 10,000 km away, 
through the BBC world broadcast service. People could 
listen to and enjoy all kinds of music through radio. News 
and news analysis too became accessible to the common 
people. Therefore, this invention resulted in drawing the 
whole world together. This process was furthered by later 
inventions like television, internet, etc. 

Vacuum tubes also quickly found a number of other 
uses. The most important of these was the computer. 
Hitherto only mechanical and electro-mechanical devices 
had been used in calculation. Vacuum tubes made possible 
the first electronic computers, much faster and program¬ 
mable too. In the 1940's large computers for scientific 
calculations started appearing. 

The vacuum tube however had major disadvantages. 
It consumed a relatively large amount of power, occupied 
large space and quickly overheated. The need for a more 
compact and economical substitute was evident. This need 
was finally satisfied by the transistor and later the inte¬ 
grated circuit. 

Transistor 

The transistor, one of the most seminal inventions of all 
times had its birth in 1947. It was the handiwork of three 
men working in the Bell Research Laboratories in USA— 
John Bardeen, Walter Brattain and William Shockley. It was 
based on the properties of some semiconductors. 

A semiconductor, like silicon, if it is 'doped' with small 
amounts of some materials, undergoes vast property 
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changes. Silicon has four electrons in its atom. If a small 
amount of boron, with three electrons is introduced, a 
shortage of electrons occurs and the silicon becomes 
positive (p-type). If phosphorous, with five electrons, is 
introduced, the silicon become negative (n-type). 

Fig. 2.1 (a) illustrates the basic components of a 
n-type transistor. The parts marked 'source' and 'drain' are 
layers of n-silicon. The base is p-silicon. When a positive 
voltage is applied to the 'gate'. Fig. 2.1 (b) electrons in the 
p-type silicon are attracted to the area under the gate, 
forming an electronic channel between source and drain. 
Fig. 2.1 (c) shows when a positive voltage is applied to the 
drain, the electrons flow from source to drain. Now the 
transistor is 'on'. Fig. 2.1 (d) illustrates if the voltage at the 
gate is removed, electrons are not attracted to the area 
between the source and the drain. The transistor is now 
'off'. 

A small current through the gate, for example, one 
thousandth of an ampere (1 mA), can allow a 100 mA flow 
in the main path. That is, the 'gain' or 'amplification factor' 
is 100. 

A large variety of transistors have been developed 
including power transistors (which can pass relatively large 
currents), photo transistors, microwave transistors, field 
effect transistors, etc. 

Integrated Circuits 

The next major step in electronics occurred with the inven¬ 
tion of the integrated circuit (IC). Individual transistors had 
to be wired to other components like resistors, capacitors, 
etc. laboriously, while peering through microscopes. 
Practically half the circuits failed when finally tested. The 
breakthrough came in 1958 when Jack Kilby of Texas 
Instruments (USA) invented the integrated circuit. It 
consisted of an entire circuit including transistors, resistors, 
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Fig. 2.1 (a) Fig. 2.1(b) 



Fig. 2.1(c) Fig. 2.1(d) 


Fig. 2.1: Operation of a transistor 

capacitors, etc. on a single silicon chip. A few months later, 
Robert Noyce, the founder of the now famous INTEL 
developed another version of the IC which proved to be 
more efficient and easier to produce. Jack Kilby and Robert 
Noyce are rightly considered to be the joint inventors of 
the Integrated Circuit. Now a race was on to cram as many 
transistors and other components as possible into a small 
space (Miniaturisation). Today's microprocessors have over 
40 million transistors built into them! They are too small to 
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be seen by the naked eye and the circuits they contain are 
incredibly complex. A variety of processes such as mask¬ 
ing, etching, depositing, etc. are employed in their 
manufacture. 

Robert Noyce, one of the most brilliant pioneers of 
microelectronics (somehow any new frontier in science or 
technology produces such people apparently out of thin 
air) also made another major contribution. Earlier, ceramic 
ringlets, known as 'cores' were used for storing data 
(memory) in computers. But to keep pace with the 
developments in Integrated Circuits something better was 
required. Noyce and his team came up with a 'memory 
chip' consisting of silicon and polysilicon. It was commer¬ 
cially called 1103 memory chip and contained 4000 
transistors, did the work of 1000 ceramic ringlets and was 
much faster. Noyce had once again hit the jackpot. 

Producing such electronic components is presently one 
of the most sophisticated manufacturing processes in the 
world. Entering such a factory is like entering a place 
imagined hitherto only in science fiction. Even a speck of 
dust can ruin a circuit while in production. Hence the 
air in their production and assembly sections has to be 
filtered and purified with great effort. The workers wear 
dust-proof suits resembling those of astronauts going to the 
moon! 

Transistors and ICs, once they became widely avail¬ 
able, invaded practically the whole field of industrial 
production, transportation and the popular entertainment 
medium. Their military applications were no less signifi¬ 
cant. The giant ICBM (Intercontinental Ballistic Missiles) 
rockets and even smaller tactical anti-tank and anti-aircraft 
missiles depend on these components for their guidance. 
The complicated processes in oil refineries or steel plants 
are controlled with their help. The engines of cars switched 
over to electronic ignition systems from mechanical systems. 
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Transistorised radios became cheap and handy. Washing 
machines were programmed with their help. There is now 
practically no fair-sized electro-mechanical machine 
without some solid state electronics in it. 

Vacuum tubes led to the invention of the Radar, one 
of the most effective inventions to come out of World War 
II (see Chapter 16). But its impact in the peace time (post- 
World War II) world has been no less powerful. The giant 
aviation industry of today can hardly function without 
radar to control aircraft landings and take offs by the 
thousands every day in major airports. Radar plays a big 
part in storm warning systems. It is even used to catch 
overspeeding cardrivers! 

Television 

But the electronic invention that has had the greatest impact 
on people directly is undoubtedly Television. So much has it 
affected the fields of news, entertainment, information and 
politics, that today we wonder how the world functioned 
without it! Television's power comes from the fact that it is a 
visual medium, naturally producing a far greater effect on 
the people than an audio medium. It is also effortlessly 
available in the drawing room of the family. 

Radar and Television also owe much to an earlier 
invention, the Cathode Ray Tube. The Cathode Ray Tube 
(CRT) is actually a special version of the vaccum tube. The 
emission of electrons hits a large glass screen coated with a 
phosphorescent material. Hence a visual image is created. 
In a radar screen, an aircraft is seen as a blip of light, which 
a trained operator can easily recognise. In the television 
set, the picture tube is designed to show normal images 
that are recognisable to anybody. In a computer screen the 
CRT projects text, pictures, etc. The CRT is also the heart of 
a video camera. The Cathode Ray Tube was invented by 
Carl Ferdinand Braun of Germany in 1897. Little could he 
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have foreseen how widely his invention would come to be 
used in future. 

The projection of human voice across vast distances 
through the telephone and the radio naturally led to the 
quest for the long-range projection of visual images too. 
The story of Television, which satisfied this need, is a 
fascinating one. Many of the key ideas and components 
originated from individual inventors, who largely struggled 
on their own like most earlier inventors. But in the later 
stages large corporations too played a major part. Their 
huge resources and the organising capabilities of their 
executives proved vital in making the T.V. a mass medium. 
In this respect, the T.V. has a history similar to that of the 
Xerox machine, another widely used modern invention (see 
Chapter 17). 

The attempt to create television started in the 1920's 
following the spreading reach of the radio. For the projec¬ 
tion of the final picture, the CRT was available, though it 
had to be adapted with much effort to the requirements of 
Television. The key problem was in 'scanning' the picture, 
that is converting the visual image into electrical signals. 
These are broadcast as electromagnetic waves (similar to 
radio transmission) and reconverted to a visual image at the 
receiving end. 

The first attempts to construct a television were based 
on mechanical scanning systems. Paul Nipkow, Charles 
Jenkins and Logie Baird were the pioneers of this era which 
started in the 1920's. The system consisted of a rapidly 
revolving disc with several perforations arranged spirally. 
The light from the image to be projected passes through 
the perforations in the wheel and activates a photoelectric 
cell. The current generated by the photocell varies accord¬ 
ing to the intensity of the light falling on it. The image to be 
projected is scanned by the rotation of the disc and the 
arrangement of the perforations. The current from the 
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photocell is amplified and sent as radio waves. At the 
receiver end, the signal is converted into a series of light 
flashes by a neon tube. The receiver disc revolves in front of 
this neon tube and converts each flash into a small element 
of image. Projected on a coated screen this recreates the 
original image due to persistence of the human vision (our 
eye retains an image for a tenth of a second after it disap¬ 
pears). 

The best known figure from the era of mechanical 
scanning is John Logie Baird (1888-1946) of Britain. Born 
in Scotland, Logie Baird when young worked at routine 
jobs but his heart was really in developing mechanical and 
electrical gadgets. Inspired by the efforts of Paul Nipkow 
in Germany to build a mechanically scanned television he 
started working on the idea in his spare time. He was poor 
and friendless but he was obsessed with his idea. He built 
his prototypes with cardboard boxes, commercially avail¬ 
able lamps, etc. Without organised resources to back him it 
was a titanic struggle. But he was not lacking in persever¬ 
ance. In many respects he was the typical inventor of the 
days before large research laboratories maintained by 
giant corporations. Similar to earlier inventors he also found 
it difficult to get government agencies and corporations to 
be interested in a seminal idea which was not yet devel¬ 
oped to be reliable and trouble-free. But by sheer 
persistence Baird succeeded. In the late 1920's T.V. broad¬ 
casting began. Baird even succeeded in sending pictures 
across the Atlantic Ocean. 

But by this time efforts were on to develop a fully 
electronic scanning, which would be much faster. Baird, 
like some earlier inventors, was loath to give up an idea 
that he had spent so much time in developing (Edison, for 
example, resisted the use of Alternating Current, because 
he had worked on Direct Current). But later, Baird also 
accepted a full electronic solution and in fact contributed 
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to its development. He had played a big part in promoting 
the idea of the Television and deserves a high place in the 
history of technology. 

The idea of an all-electronic T.V. was very much in the 
air during the 1930's but two inventors played the major part 
in realising it. They were Philo T. Farnsworth (1906-1971) 
and Vladimir Zworykin (1889-1982). Zworykin, born in 
Russia, emigrated to the USA subsequent to the Russian 
revolution of 1917. He developed the Iconoscope, an elec¬ 
tronic camera tube, necessary for television. He later went 
to work for the giant Radio Corporation of America (RCA). 

Philo T. Farnsworth, a very remarkable individual, was 
born in Utah State in USA. He belonged to the Mormon 
Community, which is concentrated in this state. Though 
raised in a farm, Philo had a natural passion for the subject 
of electricity and built by himself an electrical washing 
machine for the family. He conceived the idea of a fully 
electronic television when he was thirteen years old! He 
studied at the Brigham Young University in Salt Lake City 
but had to give up his studies to support his family when 
his father died suddenly. But fortunately the employers 
he worked for believed in his ideas about television and 
encouraged him to persist. In 1927, Philo Farnsworth 
demonstrated a practical electronic television. It employed 
60 lines on thfe screen (today the Japanese T.V. manu¬ 
facturers are aiming at more than 1000 lines!). He founded 
his own company in 1933. Farnsworth was a prolific 
inventor and obtained about 300 US and foreign patents in 
his lifetime. 

During the years 1930-1940, Farnsworth was engaged 
in a prolonged legal battle for patent rights with RCA (for 
whom Zworykin worked). It was no easy task for an indi¬ 
vidual to take on a giant corporation, but it is a measure of 
Farnsworth's worth that finally RCA had to pay him 
royalty since it was found that his patent covered a very 
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important aspect of image scanning necessary for a practi¬ 
cal television set. The first black and white T.V. sets began 
to appear in 1949 and within a few years more than 10 
million sets had been sold in the USA alone. The advent of 
transistors and integrated circuits made the T.V. sets pro¬ 
gressively more compact. 

But the fate of one of its chief creators was not as 
happy as that of the T.V. By 1949, Farnsworth found it 
impossible to keep his firm financially afloat and sold it to 
ITT (International Telephone and Telegraph). Like most 
brilliant inventors he was not capable of turning his work 
into business success. But ITT, recognising his value, 
employed him as its research director and he served them 
well for eighteen years. It was the era of the Cold War and 
Philo made important contributions to Defence Early 
Warning Systems (against incoming enemy planes and 
missiles), submarine detection systems, infra red telescopes, 
electron microscopes etc. 

Farnsworth also became interested in the field of 
nuclear fusion. In 1967 he returned to Brigham Young 
University and tried to work on this problem. But it was 
too big a technical challenge for a lone researcher or even a 
university. His funds ran out, he faced pressure from his 
debtors and underwent tremendous stress. He died in 
March 1971. It was a sad, but not untypical end to the 
career of a great inventor. Inventors work best when they 
are on their own as individuals but turning their work into 
business success is best done by large commercial firms. 

Colour T.V. 

The next step was the development of colour T.V. It was a 
very complex task. Unlike the previous stages the develop¬ 
ment of colour T.V. was a corporate effort. David Sarnoff 
(1891-1971), President of the RCA deserves much of the 
credit for its development. Bom in Russia he had migrated 
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to the USA. As a young man he had become famous for 
keeping in wireless touch with the rescue efforts going on 
to save the passengers of the unfortunate titanic, the giant 
passenger liner which sank on its maiden voyage in the 
Atlantic in 1912. 

David Samoff committed huge sums of money to the 
realisation of colour T.V. and persisted even during the 
Depression years of 1930's, when money was short and 
the patience of the share holders of RCA even shorter! He 
provided the research workers of the RCA with funds 
lavishly but they also had Samoff always breathing hard 
on their necks. The requirements were severe. Colour T.V. 
had to be compatible with existing black and white T.V.s, 
that is programs transmitted in colour had to be receivable 
in black and white also. The set had to be compact and 
reasonably priced. And RCA had to compete with firms all 
over the world, all frantically trying to reach the El Dorado. 
The researchers considered several possibilities and finally 
settled on the shadow mask cathode ray tube, invented by 
one of RCA's own ex-employees, Alfred Schoreder. It con¬ 
sisted of an opaque screen with fine perforations behind 
which was a glass screen with embedded coatings sensi¬ 
tive to red, green and blue colours. The electron guns had 
to hit these spots with incredible accuracy. But it was done. 
After a sustained effort spread over several years and 
costing millions of dollars, colour T.V. was a success. By the 
end of 1953, commercial broadcast of colour programmes 
started. Initially the sets were expensive and it was not till 
the mid 1960's that colour television sales really took off. 
RCA reaped a rich dividend from the vision and 
persistence of David Samoff. 

How T.V. Works 

Fig. 2.2 shows the basic units of a colour television 
system. The light from the object to be transmitted is 
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Fig. 2.2 (a): T.V. Trai 
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focussed by the camera on the colour sensitive mirrors 
which reflect the three basic colours red, green and blue 
into three camera tubes. In the camera tube, arr electron 
gun continuously scans the image received and converts it 
into electrical signals. The encoder mixes the signals from 
the three tubes and sends it to the transmitter along with 
the audio signal (Fig 2.2 a). 

At the receiving end a decoder separates the signals 
into red, blue and green. Three electron guns project these 
signals on the screen while scanning it. The screen has a 
shadow mask in front of it with a large number of perfora¬ 
tions. The screen is coated with phosphorous dots respond¬ 
ing to the three colours. A composite picture emerges due 
to the persistence of vision of the human eye (Fig. 2.2 b). 

Technological progress is leading to ever better televi¬ 
sion sets. Digital television sets, plasma screens, etc. are 
gradually entering the scene. The video camera used by 
individuals works on the same principle as the television. 
Television programmes can be recorded and replayed. T.V. 
programmes are transmitted by buried cables, land-based 
transmitters or through earth-orbiting satellites. 

Among all the marvels of electronics, television has had 
the greatest direct impact on mankind. If we mentally stand 
back and consider, what it does is nothing short of magic. A 
sports event happening 15,000 km away, the beauty of the 
Antarctic Continent, the fauna of Africa or the horrors of the 
war in Iraq are effortlessly brought into our drawing rooms. 
When the first men landed on the moon the whole world 
watched in fascination, thanks to the television. It has 
helped people to understand the customs and culture of 
far away nations and is thereby drawing the world together. 
Through its commercial advertising it has stimulated the 
. ; rural people of the world to aspire for a higher standard of 
. • living. Many ^political careers have been made or marred 
by T.V. The horrors of the Vietnam war, brought to 
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Fig. 2.2 (b): T.V. Reception 
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American homes, helped end the war. Governments no 
longer find it easy to hide their misdeeds and failures from 
the gaze of the world. All this is for the good. But not so 
good is the propensity of T.V. broadcasting corporations to 
load their programmes with scenes of violence and vulgar¬ 
ity. But there is hope that people will learn to frown on 
them once the novelty of the visual medium wears off. 

Other Uses 

Apart from television and computers, its most potent 
derivatives, modern electronics also practically pervades 
the world of technology. Control systems of aeroplanes, cars, 
steel mills, oil refineries, domestic gadgets like washing 
machines, watches, phones, DVD players, pacemakers, 
medical scanning machines—there is practically no field of 
technology untouched by electronics. The world-wide web 
of telephone connections that we enjoy today cannot exist 
without the assistance of modem electronics. Warfare has 
been revolutionised by precision-guided weapons making 
mass armies obsolete. In short, modem electronics has had 
a profound impact on mankind and will continue to have 
in the foreseeable future also. 
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A washing machine when switched on, dutifully carries 
out the tasks it is set to do. A telephone call made from 
India is instantly connected to the dialled phone in the USA. 
Long extinct dinosaurs chase the hero in a hair-raising 
scene in a movie. An automated manufacturing line 
functions smoothly without human intervention. A pilot is 
trained under realistic conditions in a flight simulator on 
the ground. What makes all these wonders and many more, 
possible? In one word: Computers. From small, dedicated 
computers in domestic appliances to giant mainframe 
computers used in weather forecasting or space mission 
controls, the computer, in various forms and sizes, is 
ubiquitous in the modem world. If some superhuman hand 
were to suddenly remove all the computers in the present 
world there would be total chaos. But it is hardly twenty 
years since computers entered the scene in a big way! 

Like all pivotal technologies computers^ once they took 
hold, appear to be both inevitable and indispensable. All 
such technologies have a relatively long gestation period, 
during which they are largely unknown to the general 
public. But once they reach the stage of a mature technol¬ 
ogy they take the world by storm. Steam power and 
electric power did it earlier and the latest is the computer. 

Earlier Calculators 

A computer is basically a machine for carrying outibtflSBfes: 
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of calculation, sorting, search, etc. assigned to it by its 
human operators. The earliest form of the computer was 
the abacus, invented in Babylon more than 2000 years back, 
but most widely used in the far-east, like China and Korea. 
In fact among Chinese societies it is used even today to a 
certain extent. It is basically a wooden frame with vertical 
wires in which beads are strung. By manipulating these 
beads according to a set of rules, rapid arithmetic calcula¬ 
tions can be carried out. 

But as modern society evolved, the need for very 
extensive repetitive calculations, for which human beings 
were far too slow, emerged. Examples are census compila¬ 
tion, navigational tables, etc. The desirability of doing it 
mechanically was self-evident. Since the manufacture of 
toothed wheels (gears) and mechanical counters was 
possible by the seventeenth century, the earliest calculators 
were based on them. Blaise Pascal of France and Wilhelm 
von Leibniz of Germany, were the first to build such calcu¬ 
lators in 1642 and 1671, respectively. But the first 
commercially successful mechanical calculator was built 
by Tomas of Colmar in 1820. His machine could add, sub¬ 
tract, divide and multiply. 

The most remarkable figure of this era was Charles 
Babbage of England (see Chapter 5). With remarkable 
insight he conceived of all the essential features of 
today's computers; input devices, computing, memory, 
control unit and output devices. It was a purely mechani¬ 
cal device with a large number of gears, shafts, etc. 
operated by steam power (he called it the analytical 
engine). But the system was too large and complicated 
to function reliably. The accuracy of gear machining, 
the play in the various parts, friction, etc. rendered it 
quite unreliable. Babbage had remarkable vision but did 
not possess the means to carry it out. He was ridiculed in 
his time and died a disappointed man, but the march of 
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progress has at last vindicated his vision in full. 

But some less ambitious and more practical inventors 
who followed Babbage built smaller and less complicated 
mechanical calculators that were quite useful. Most notable 
among them were Herman Hollerith and James Powers of 
the USA. In 1890, they built punch-card operated machines 
for the US Census Bureau that slashed census evaluation time 
dramatically. Gradually such machines were improved and 
by the turn of the twentieth century electro-mechanical 
calculators were being produced commercially by several 
firms. Some of the well-known firms dealing with comput¬ 
ers and office equipment today like International Business 
Machines (IBM), Remington-Rand and Burroughs emerged 
during this period. 

Electronic Computers 

The birth of the all-electronic computer had to wait for the 
invention of the Vacuum Tube in 1906. Since it deals with 
flow of electrons, it completely overcame the limitations of 
a mechanical system. Electronic circuits could be switched 
'on' and 'off' almost instantly and hence were eminently 
suitable to a Binary System of calculation. This system 
employs only two numbers, 1 and 0, instead of the normal 
decimal system based on numbers 1 to 10. Number 0 or 1 
is called a 'bit' and eight bits are called a 'byte'. Numbers 
and letters, both, can be represented in this system. For ex¬ 
ample, the number 254 is represented by 11111110 (depend¬ 
ing on its position, a T stands for 2 1 or 2 2 or 2 3 , etc. Thus 
the above representation 11111110 means (0+2+4+8+ 
16+32+64+128=254). 'I' is represented by switching on a 
current and '0' by switching it off. 

With further refinements in Vacuum tubes the first 
fully electronic computer was built in 1946, by J. Presper 
Eckert, John W. Mauchly and their associates at the 
University of Pennsylvania. Called ENIAC (Electronic 
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Numerical Integrator and Computer), it was a giant of a 
machine, as big as a large room and fitted with 18,000 
vacuum tubes! It was difficult to operate but was immensely 
faster than electro-mechanical calculators. 

The advent of ENIAC prompted the great mathemati¬ 
cian John von Neumann to develop the basic concepts on 
which modern computers are based. These include 
subroutines, conditional transfer, storage and recall of 
information, etc. 

The basic units of a computer are shown in Fig. 3.1. 
The input section feeds the input data to the computer 
through a keyboard, or in a systems control computer such 
as that in an oil refinery, through sensors for pressure, 
temperature, flow rate, etc. This is converted into a signal 
recognisable to the computer. The memory section holds 
permanent data useful for computation as well as the 
input data from the input section. The Arithmetic-Logic 
section carries out the actual mathematical calculations. 
The control section is the overall manager, regulating the 
commands between the different sections. Finally it 
activates the output section to give out the results in the 
form of printout, screen display, etc. In the case of control 
systems it issues signals which activate solenoids, or servo¬ 
motors, which in turn control parameters like fluid flow 
rates, and heating rates, etc. 

ENIAC and its valve-operated successors were too 
large, consumed too much power and overheated easily. 
They were useful only to large organisations like govern¬ 
ment departments and big commercial firms. The greatest 
turning point in the development of computers came with 
the invention of the transistor and its derivatives IC, VLSI, 
etc. The size of computers could be dramatically reduced 
and the power consumption was a fraction of that of valves 
(easing cooling problems). Costs also fell steeply with 
better methods of manufacture. The maximum number of 
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transistors that could be located on a silicon chip doubled 
each year for several years after the invention of the 
transistor (informally called Moore's Law, after Gordon 
Moore, one of the founders of INTEL). Presently it is not 
that swift, but still impressive. The standard motherboard 
of a desktop computer contains millions of transistors and 
the corresponding numbers of resistors, capacitors, etc., all 
of them elaborately etched on wafers of silicon. Small 
computers today perform tasks that the gigantic ENIAC 
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did about 60 years back, with an army of men and a large 
supply of electricity. Never in history has progress been 
swifter in any technology. 

Pioneers 

Advances in computers have been due to the efforts of 
scientists and engineers from several fields like Mathemat¬ 
ics, Physics and Electronic Engineering. Mathematicians like 
von Neumann, Alan Turing and Grace Hopper developed 
the theoretical basis for computers. Inventors like Robert 
Noyce and Jack Kilby provided the basic elements like ICs 
needed for computers. Computer designers like Seymour 
Cray and Marcian Hoff put them all together and came up 
with a vast variety of computers. The driving force behind 
the explosive development of computers is undoubtedly the 
insatiable demand for faster computers, more computers. 
Governments, industries, commercial establishments, 
individuals, all having tasted the convenience and benefits 
of computers expect continuous progress in this field—and 
so far designers and manufacturers have responded 
magnificently. 

Types 

The earlier computers were all large 'mainframe' machines, 
affordable only by governments and big commercial firms. 
Even now there is a major market for mainframe comput¬ 
ers. Scientific research, weather forecasting, etc. require such 
computers. In fact the largest of them are called 'Super 
Computers'. CRAY supercomputers of USA, for example, 
are such highly valued items that they cannot be exported 
to other countries without a clearance from the US 
Government, since they could be used for military purposes 
also. Each such computer costs millions of dollars. There 
are also medium-sized computers and small Personal 
Computers (PC). 
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There are basically two types of computers, digital and 
analog. Digital computers, as already described, operate 
by manipulating discrete binary digits. Analog computers 
deal with continuously changing data. Analog computers 
are used in areas like control of chemical processes, where 
they are continuously fed data regarding pressure, 
temperature, chemical composition etc. But the overwhelm¬ 
ing majority of computers in use are digital computers since 
they are faster and their data is easier to store and transfer. 

Languages 

Instructions to the computer in any large task is in the form 
of a Computer Program. A variety of 'Computer Languages' 
have been developed, like COBOL, LISP, JAVA, OOP etc. 
Trained people, called Computer Programmers, express the 
task for the computer in the form of a Computer Program 
in such languages. India is at present one of the leading 
centres for producing computer programs. Availability of 
highly educated programmers, fluency in English and 
relatively low wages have brought a bonanza in this field 
to our country. It is possibly the fastest growing industry in 
India. 

Personal Computers 

The next great breakthrough in computers came with 
personal computers. Since electronic circuits had become 
much smaller thanks to integrated circuits it was natural 
to think of a microcomputer (a microprocessor has all the 
essential features of a computer, but does not have input- 
output devices. A small computer complete in all respects 
is a microcomputer). But it took some years to achieve since 
it also had to be sufficiently low in cost for individual 
buyers. 

Edward Roberts of USA, was possibly the earliest 
to produce a personal computer. He was a physically 



176 


INVENTORS WHO REVOLUTIONISED OUR LIVES 


handicapped person who campaigned ceaselessly for 
greater facilities to be provided to the disabled in educa¬ 
tional institutions and public places like supermarkets. But 
his disability had no effect on his spirit. Possibly, as in so 
many similar cases, it spurred him to great achievement to 
compensate for what fate had denied him in certain as¬ 
pects. He conceived a scheme to assemble a- small computer 
and published it in the form of a do-it-yourself article in the 
Popular Electronics issue of November 1971. The interested 
reader was expected to buy certain components and 
assemble them with the basic unit described by Roberts. 
The cover of the magazine carried a picture of the unit 
produced by Roberts. Possibly to his own surprise, several 
orders poured in for him to fabricate similar units. His small 
firm Micro Instrumentation and Telemetry System (MITS) 
became busy in producing more of these units, christened 
MITS 816. Within a short time, competitors were snapping 
at his heels, producing similar kits. So he created the 
ALTAIR 8800, the first fully assembled personal computer. 
Interestingly, a young college student who wrote the soft¬ 
ware for this machine (in BASIC language) was to become 
a household name: Bill Gates. 

The next pioneer was Steve Wozniak, who introduced 
the APPLE Personal Computer (PC) in 1976. He offered 
two features, which have become standard today, the key¬ 
board and the monitor. An upgraded version, Apple II, 
appeared next year. Once, the smaller players had shown 
the way, the giants in the field could not be expected to 
remain inactive. The renowned IBM jumped into the fray 
in 1981 with its PC 286 AT and the flood was released. 
Within a decade millions of PCs found their way into homes, 
commercial establishments, schools and colleges etc. In 
recent years PCs with several additional features for audio 
and visual interaction between the user and the computer 
(multimedia) and greatly enhanced memory, speed, etc. have 
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appeared. And this field is remarkable in that, contrary to 
all the known laws of economics, the prices of PCs have 
been falling in a general atmosphere of inflation! 

Internet 

A notable outcome of widespread use of computers is the 
Internet. It interconnects computers all over the world which 
subscribe to this system. Messages can be directly sent 
between computers by E-mail. Required information can 
be obtained by accessing the relevant website. For example, 
train or aeroplane timings, details regarding an educational 
system or hospital are almost instantly available. Commer¬ 
cial orders can be placed through the Internet and the bills 
can be paid. 'Search Engines' like Google can be used to get 
information on almost any topic—all of this in the comfort 
of our own homes. The computer has placed a goldmine of 
information and education in the hands of millions of 
people. For larger establishments, teleconferencing, by 
which people from different parts of the world can inter¬ 
act with each other with the help of audio and visual 
displays, saves a lot of time and money. 

Uses of Computers 

The use of computers has become so widespread that 
almost no field has been left untouched. Scientists make 
extensive use of computers. When a space probe sends 
pictures of the planet Mars, it is the computers on earth, 
which turn digital signals into visible pictures. Computers 
also help in guiding the rockets which place the probe on 
Mars. An experiment can be conducted in the Atlantic 
Ocean and the scientist can sit in his laboratory and analyse 
the results on his computer in 'real time', that is as it is 
happening. 'Simulation' is another major application of 
computers in Science. For instance, if carbon dioxide is 
added to the atmosphere at a certain rate rTint vritl hr it" 
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effects on the global temperature, sea level etc.? When such 
data are fed to a computer, with the help of an elaborate 
program it extrapolates the trends and works out the 
consequences. If the armed forces of two nations clash what 
will be the likely outcome (called 'War games')? The 
computer can provide the answer. For example, the global 
warming, a recognised phenomenon now, was predicted 
years back by computer simulation. The familiar satellite 
pictures of weather over a region, forest cover etc. are pro¬ 
vided by computers. 

Commercial establishments depend heavily on 
computers. Banks maintain their accounts through 
computers. Reservation of railway tickets is dependent on 
computers. From small shops to giant supermarkets it is 
the ubiquitous computer that takes care of billing, adding 
up total sales for a day, keeping track of supplies etc. 

Industry, inventory, process control, or accounts, can 
hardly function today without computers. What used to 
be done by humans painfully through ledgers, job cards 
etc. is now swiftly and effortlessly done by computers. 
Thereby, people are freer to do more creative work. 

The old time typist banging away on his machine and 
the draftsman with his drawing board have been rendered 
redundant by computers. Now one can type on a desktop 
computer, correct the mistakes, format it and directly send 
it for printing (Desktop Publishing). Drawings can be made 
entirely on the computer. Engineers use computers to 
design anything from aeroplane shapes to engine crank¬ 
shafts (Computer Aided Design, CAD). Computers are even 
used to design other computers! 

An interesting field in computers is Artificial Intelli¬ 
gence. Apart from carrying out routine calculations, 
however complicated they are, can computers be made to 
learn from their own experience and make decisions the 
way a human does? Here we run into a major problem. 
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The human mind is capable of working with incomplete 
and imprecise data. Intuition is also a part of our make up. 
For example, an intelligent student taking a mathematics 
examination is able to understand the problem even if there 
are a few printing errors, because he guesses the right word 
or data. A computer would reject the question as outright 
wrong. Scientists often make their discoveries by leaps of 
intuition. But attempts are being made to build human-like 
computers and in some areas they have already made 
progress. For instance, chess-playing computers are able to 
improve their game with practice and some of them have 
beaten top chess champions! 

Other computers have taken over disease diagnosis 
from average doctors. This class of computers use Expert 
Systems, in which the knowledge of top specialists in diag¬ 
nosis is stored. When the symptoms of a patient are fed, the 
computer searches for the possible causes and lists the most 
likely ones. Thus the search is narrowed down and time 
saved. Similar expert systems have been evolved for other 
areas also. 

Computers are used in translating matter from one 
language to another. At present they can provide rough 
translations, but are likely to become better in the future. 
Here again, it is found difficult to make a computer match 
the intelligent guessing by which an expert human 
translator gets the 'sense' of a passage. 

Speech Recognition and understanding of Natural 
Languages is another field for Artificial Intelligence. This is 
an immensely complicated task, but progress is being made. 

Robots have come out of science fiction books into the 
real world, thanks to the computer. Remote-controlled 
robots are used to handle nuclear wastes. Welding tasks in 
an automobile assembly line no longer require human 
welders. Robots carrying out the commands of disabled 
people are already in existence. A robot machine gathers 
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soil samples on the surface of Mars in response to a 
computer command from the earth. 

One surprising field for computers has been Entertain¬ 
ment. Musicians are able to mix special sound effects into 
their recordings—thanks to the computer. But the biggest 
effect has been felt in Computer Graphics. With the aid of 
computers, images of huge, long-extinct dinosaurs are 
created and manipulated and combined with real frames 
made with live actors (as in the film Jurassic Park). The 
effect on the audience is electric. Long dead persons can be 
shown talking and shaking hands with presently living 
persons! Entire films and TV serials are based on computer 
created characters as in Polar Express. Three-dimensional 
effects are realistically produced. There seems to be no end 
to the possibilities. 

But computer graphics require so much information 
processing and storage that it has become one of the main 
driving forces behind advances in computers. Thus the 
entertainment field is in the same league as weather 
forecasting, space programs etc. in demanding better and 
even better computers! 

Misuse of Computers 

Like any powerful tool, computers too can be misused— 
and they are being. In recent years, a new word has been 
added to the lexicon: Computer crimes. It belongs to the 
class of 'white collar crimes', i.e. crimes not involving vio¬ 
lence, but requiring a high level of sophistication. For 
example, a computer programmer working for a large 
organisation with complicated financial transactions can 
deliberately manipulate the programs to siphon off some 
money to himself. If he keeps it to a not readily noticeable 
level, it can be done for prolonged periods without being 
detected. Skilled criminals can break into the data of 
personal computers and learn about bank accounts, credit 
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cards and other vital information and then misuse them. 
In response, the police and other law enforcing agencies 
have had to include special sections in their organisations 
with computer experts to counter such crimes. 

In addition to the criminals of the above type, there 
are also 'hackers' who simply enjoy troubling others. With 
their skill in programming, they create software that can 
damage or destroy another's programs or data. Even worse, 
they create 'viruses' which attach themselves to any other 
related program and thus spread rapidly just like an infec¬ 
tious disease. Some young and brilliant hackers have 
paralysed major systems for a considerable time. In 
response, the computer manufacturers and software 
firms have had to fight a running battle to create 'virus 
protection' measures. 

Apart from these, it has also become possible for some 
to create websites purveying information and images that 
are in bad taste and a source for corrupting young and 
immature minds. But like undesirable publications or 
objectionable television programs, society has to learn to 
live with such nuisance and control it as best as possible. It 
is one of the penalties we pay for a free society. 

Future Developments 

Since the invention of the transistor, more and more of them 
have been packed into a unit area of a chip. But now we 
seem to be reaching the physical limits of doing so with 
present techniques. One modest step forward could be the 
use of gallium arsenide (GaAs) instead of silicon for chips. 
GaAs chips work faster but are more expensive. Another 
solution is to use nanotechnology, in which matter can be 
manipulated at molecular level. Much smaller chips are 
thereby possible. 

A radical departure could be the development of 
Optical Computing. In this system, photons instead of 
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electrons are conveyed in the circuit by optical fibres. The 
speed of operation can thereby increase immensely. 

Conclusion 

Computer Technology has placed in the hands of mankind 
a tool of incredible power and versatility. Tasks which 
formerly required labourious efforts of thousands of men 
can now be done effortlessly by computers. Thereby, people 
have been freed of drudgery and can develop their creative 
powers. If used properly, this advantage can lead to an 
explosion of discoveries and creativity that can benefit 
mankind greatly. 
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Since the time of Sir Isaac Newton (1642-1727), the 
physical sciences, physics, chemistry, geology, etc. have 
made spectacular progress. In particular, physics made 
the major contribution to the world of science, helping 
man to understand the vastness and complexity of the 
universe as well as the structure of the tiniest piece of 
matter, the atom and the enormous power locked up in it. 
Consequently, it has been the great physicists like Newton, 
James Clerk Maxwell and Albert Einstein that have 
commanded the respect and awe of society. 

The biological sciences, botany, zoology, biochemistry, 
etc. by comparison seemed to make plodding progress, rarely 
achieving spectacular breakthroughs comparable to the 
physicists' success in splitting the atom. But in the past half- 
century the situation has started changing. Biotechnology 
is promising to affect human beings more directly and more 
profoundly than any physical science. It is capable of 
producing new medicines to cure old diseases, crops that 
resist diseases and require less water and fertilisers, bacte¬ 
ria that can clean up pollution and identify a criminal just 
by his one strand of hair or a drop of blood. It is even 
ultimately capable of producing human beings to a given 
specification! No wonder that it has evoked as much 
anxiety and apprehension as enthusiasm. 
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History of Biotechnology 

The word biotechnology is new, used only for the past few 
decades, but its principles have been in use since time 
immemorial. Biotechnology may be defined as the use of 
living organisms to create products useful to human soci¬ 
ety. This definition includes modification of crops, animals 
etc. to suit our needs. 

For thousands of years humans have used living 
organisms to produce cheese, wine, curd and so on. It is 
specific groups of bacteria that do this work. They have 
also used selective breeding of animals to create ones suited 
to their needs. For example, there are dozens of breeds of 
dogs suited specially to sheep herding, hunting, racing, 
tracing lost persons by their scent, etc. So too with horses 
and cattle. Human beings also developed crops suiting their 
needs. They gained a lot of empirical knowledge through 
long experience in these fields but the basic science behind 
it was too complicated to be learnt by merely observing. 
The human being had to await the invention of the micro¬ 
scope, the development of biochemistry and other related 
sciences before he could slowly unravel the secrets of 
heredity, differences between species etc. Even today we 
do not know everything, but we do know a lot more than 
our ancestors did and are in a position to gain practical 
benefits from this knowledge. 

The first major breakthrough came with the discovery 
of deoxyribonucleic acid (DNA) in 1868, as the basic build¬ 
ing block of the living cell. By 1944 scientists were sure that 
it also held the secret of heredity, but they could not under¬ 
stand how this material produced such a profusion of 
species and inherited characteristics. Obviously it depended 
on the structure of the DNA itself. 

The most significant (and famous) discovery in the bio¬ 
sciences occurred in 1953, when James Watson and Francis 
Crick (Cambridge University) discovered that DNA 
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consisted of a double helix, with numerous interconnec¬ 
tions between the two spirals (they were jointly awarded 
the Nobel Prize in 1962). This really opened the floodgates. 
Progress thereafter has been nothing short of incredible. 
Scientists learned about how to break the DNA chain at 
desired points and insert other genes, thus changing the 
nature of the organism itself. The first major fruit of this 
approach was the production of human insulin in 1982, 
hitherto produced from animals. 

A major undertaking was the Human Genome project 
launched in 1990, involving the cooperative efforts of 
several nations. Its aim was to completely map the human 
genome, consisting of about 3000 million building blocks! 
In 1997, the sheep Dolly became a celebrity as the first ge¬ 
netically cloned animal in history. In 2000, the Human 
Genome Project was completed, years ahead of the origi¬ 
nal target date, thanks to advances after its launching. 

Today, several medicines and plants are being produced 
or modified through genetic engineering. Many more major 
breakthroughs are certain to happen in the future. But this 
science delves into the very depths of the human life system 
and hence is disturbing in its implications and possibilities 
of misuse. Many feel that we should not be 'playing God.' 
But then any new technology is a double-edged sword. The 
aeroplane is the swiftest means of mass transport that we 
have but is also one of the deadliest dispensers of death in 
war. Only human wisdom can ensure the safe use of any 
scientific discovery. 

Basics of Biotechnology 

The cell is the basic unit of the human body (and for other 
species too). The cell nucleus has a number of chromosomes 
(Fig. 4.1). The chromosomes in turn are composed of long 
strands of DNA. These DNA strands are subdivided into 
Genes. These genes contain the basic hereditary information. 
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on, for example, hair colour, skin colour, facial features, 
etc. The total length of DNA strands in a single cell is nearly 
2 m and the individual human being has several thousand 
genes in his body! It is amazing how complicated our body 
is and how many functions in it go on without our 
conscious mind being aware of them in the least. This should 
induce in us a great respect for our body. It is our bounden 
duty to take care of this wonderful mechanism bestowed 
on us by Nature to the best of our ability. 

The aim of biotechnology as far as human beings are 
concerned is to understand the hereditary codes in genes 
and alter them if necessary. With such a complicated 
system it is little wonder that when some genes malfunc¬ 
tion due to internal or external reasons it is passed on as 
hereditary defects. For the first time in history, there is a 
possibility of rectifying atleast some hereditary defects 
through biotechnology. Apart from this, biotechnology also 
aims to produce organisms that can combat infectious 
diseases in humans. 

The most powerful tool in the hands of the 
biotechnologist is the technique of 'Gene Splicing' (Fig. 4.2). 
Some enzymes called Restriction Enzymes have the capac¬ 
ity to cleave the DNA strand at specified places. Some such 
enzymes are Alu I, Hind III, and Taq I, derived from 
certain organisms. The primary steps involved in this 
process are: 

• The gene of interest is cut out from the DNA strand by 
a suitable restriction enzyme. 

• Insertion and fusion of the isolated gene into the DNA 
chain, which is required to be modified with the help 
of another enzyme. 

• Transfer of the modified DNA chain into suitable 
bacteria, which then multiply on their own. 

• Isolation of the bacteria with the design ed- aaodifica- 
tion (not all bacteria oblige us!). 
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RECOMBINANT GENE FORMED BY 
JOINING A PORTION OF GENE ‘A’ 
WITH GENE ‘B’ WITH THE HELP OF 
LIGASE (ENZYME FOR JOINING) 


Fig. 4.2: Basic technique of gene splicing 


Cultivation of the desired bacteria and harvesting the 
desired ^amounts of the modified product. 
Biotechnology, however, is not simply cell biology. As 
it is applied, it is a highly interdisciplinary field involving 
chemical engineering, electronics and computers, plant 
physiology etc. (Fig. 4.3). 

DNA, the building block of life, is the same for all 
living beings. The DNA in the human body is no different 
from the DNA in a crocodile or a whale. In an individual 
human being the DNA is identical whether it is from hair, 
skin, or blood. It is the sequence of chemicals in the DNA 
that determines characteristics. Hence by genetic 
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Fig. 4.3: The inter-disciplinary nature of biotechnology 


engineering even parts of the DNA from one species can be 
transferred to another species. It is found that the chim¬ 
panzee, our closest relative in the animal world, has a DNA 
structure 98 per cent similar to ours. The commonality 
between individual human being is even closer, 99.9 per 
cent. It is the 2 per cent that separates us from chimpan¬ 
zees and it is the 0.1 per cent that separates a genius from 
an average man. It is amazing that so little difference can 
lead to such great perceived differences! 

Knowledge about DNA and its role has also led to the 
realisation that racial differences between humans are 
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essentially superficial. The colour of hair, eye, or skin may 
be different between the different races of mankind but 
science has found nothing to indicate that some races are 
'superior' or 'inferior'. Black, brown, white, and yellow 
races are endowed by Nature with the some basic intelli¬ 
gence and capabilities, and differences in achievements are 
entirely due to upbringing, opportunities, cultural condi¬ 
tioning, etc. For nearly a century after Charles Darwin 
propounded his Theory of Evolution, his concepts were mis¬ 
used and misrepresented by many politicians and thinkers 
who wove theories of superior and inferior races. It was 
consciously exploited to achieve political power and inflict 
untold misery on 'inferior' races. Adolf Hitler and his 
Nazis were the most notorious of this tribe, but not the only 
.ones. Fancied racial superiority was one of the underpin¬ 
nings of colonialism. Rudyard Kipling spoke of the 'White 
Man's Burden', meaning the superior white races had a 
duty to look after the 'lesser breeds', meaning non-white 
people. Of course it was a mere cover for exploitation. But 
today, thanks to advances in Biosciences, no well-informed 
and reasonable person anywhere in the world can believe 
in this type of nonsense. Apart from all its practical 
benefits, the study of human cell structure and heredity 
has greatly contributed to the growth of the realisation that 
all humans are essentially alike and hence brothers. 

Tools of Biotechnology 

Cells, chromosomes, genes, and DNA are so small that the 
human eye cannot see them and the human hand cannot 
manipulate them. Hence there is heavy reliance on sophis¬ 
ticated instruments and techniques. Optical and electron 
microscopes enable the scientist to study the cell structure. 
Chromatography is used to separate a mixture of different 
types of molecules and also measure the concentration of 
each. Centrifuges separate mixtures according to the 
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density of the individual components. Bioreactors, in which 
nutrient medium are seeded with the required organism, 
stirred, aerated etc. are used to carry out fermentation reac¬ 
tions. DNA sequencing uses chemicals to study the struc¬ 
ture of the DNA chain. 

Applications of Biotechnology 

Apart from traditional uses of biotechnology like fermen¬ 
tation of wine, production of cheese, etc. a variety of new 
applications have also come into existence in recent years. 
The main fields are briefly described in the following pages. 

Medicines and Vaccines 

There is great scope for producing specific medicines 
tailored by genetic engineering to tackle several diseases. 
However, due to the formidable difficulties involved and 
the huge expense before a medicine is released for general 
use it will be some years before genetically engineered medi¬ 
cines play a big part. But in some areas they are already 
quite successful. Insulin, for example, was being extracted 
from animal sources. But now by extracting the relevant 
genetic material from the human pancreatic cells, fixing it 
in a bacteria and then inducing the bacteria to multiply, 
insulin (required in the treatment of diabetes) can be 
produced on a large scale. Vaccines too are being made by 
this method. Hepatitis, a serious disease of the liver, and 
widespread in Asia and Africa, can now be prevented by 
genetically engineered hepatitis B vaccine. The greatest 
challenge of all, a cure for Acquired Immunodeficiency 
Syndrome (AIDS), is still to be developed but steady progress 
is being made. Dwarfism, which affects the growth of some 
children, can now be tackled by genetically engineered 
growth hormones (but given the human propensity for 
ingenious misuse of any discovery, it is being used by some 
athletes for illegally increasing their muscle size!). Interferon, 
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used to treat cancer, is also being produced by this process. 

Accurate and speedy diagnosis of disease is another 
field for genetic science. Genetic 'probes' can be designed to 
get attached to the DNA of a particular type of disease bac¬ 
terium so that detection becomes easy. Genetic defects can 
be identified and organs can be matched for transplantation. 

Forensic Applications 

DNA tests are proving to be a great boon for crime detec¬ 
tion. An individual's DNA structure is unique to him and 
the same type of DNA is present throughout his body, in 
his hair, blood etc. Hence any trace left by the criminal at 
the spot of the crime like a strand of hair, blood stain etc. 
can be used to identify him. This is a vast improvement 
over identification by fingerprints, which a clever criminal 
can circumvent by wearing gloves. Dead bodies too can be 
identified by DNA tests. DNA testing has also proved 
decisive in settling questions of paternity, formerly a very 
fuzzy subject! Genetic screening can also indicate to a 
couple whether they are at a risk of bearing children with 
serious defects. 

Gene Therapy is another brand-new field opened by 
genetic engineering. Diseases caused by genetic defects, for 
example, haemophilia (failure of the blood to clot), can be 
tackled by replacing patients' normal cells by modified cells. 
But there is some more way to go before such practices 
become standard. 

Contraceptive pills and injections, invaluable tools in 
population control, can also be produced by genetic engi¬ 
neering. 

Enzymes 

Enzymes are complex molecules present in living cells and 
are the biological equivalent of inorganic chemical catalysts. 
They are widely used in dairy processes, alcohol brewing, 
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pharmaceutical industry, bakeries, leather industries, etc. 
Hitherto the sources of such enzymes have been plant or 
animal tissues. For example, the enzyme needed for cheese 
production was derived from dead calves, a very limited and 
expensive source. Today it is produced in fermenters on a 
large scale, thanks to genetically engineered organisms. 
Same is the case with many other enzymes used in indus¬ 
tries and food processing. With such methods, production 
is cheaper, larger in scale and highly controllable. 

Agriculture and Related Fields 

By genetically modifying plants, their characteristics can 
be changed considerably. For example, pest-resistant plants 
can be developed so that they require less pesticide appli¬ 
cation. Rice varieties with high vitamin A content have been 
produced specially for developing countries where the 
deficiency of this vitamin in the diet leads to major health 
problems (Golden Rice). It was found difficult to pick ripe 
tomatoes from the plants by machine since they got crushed. 
So a tomato variety with a thick skin was developed! The 
possibilities seem endless: plants can be developed for 
disease resistance, higher content of some nutrients, with 
higher capacity for nitrogen fixation from the atmosphere 
(thus reducing the need for chemical fertilisers) and so on. 

However, it must be stated that acceptance of geneti¬ 
cally modified crops is at present not total. Many oppose it 
on the ground that it is a drastic interference in the processes 
of nature, whose long-term consequences we do not know. 
Hence many countries insist that food materials produced 
by such methods should be clearly labelled 'genetically 
modified' (GM). 

What can be done with plants can also be done with 
animals (and ultimately with human beings too). Such 
modified animals are called transgenic animals. At the 
stage of conception, cloned genes with the desired 
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characteristics are reintroduced into fertilised eggs and then 
implanted into a receptive female. The progeny will have 
the desired characteristics. This is a much faster method 
than the selective breeding technique traditionally practised. 

The first animals to be so modified were naturally 
laboratory mice, for generations the trusted medium for 
testing out medicines. In 1981 rat growth hormones were 
introduced into the fertilised eggs of mice to produce 
'super mice', nearly 50 per cent heavier than their normal 
cousins. The technique was later extended to produce pigs 
with greater meat yield, fishes larger in size and more tol¬ 
erant to extreme climates, cattle with greater milk or meat 
yield etc. Animals can also be bred to yield organs for trans¬ 
plantation to humans. For example, transgenic pigs are 
regarded as the best source for human heart transplanta¬ 
tions. But here again there are strong ethical objection to 
thus exploiting these creatures. 

Genetically modified plants and animals can also be 
used as 'factories' to produce medicines, vaccines etc., which 
are embedded in their usual products like fruits, vegetables, 
or milk. 

Energy 

Fossil fuels like petroleum are finite in quantity and hence 
certain to be finally used up. In addition, the pollution they 
create when burned is a major health problem. Hence there 
is a serious search to develop fuels which are renewable and 
preferably low-polluting. Biotechnology can contribute to 
this field. 

Wood was a major fuel until the Industrial Revolu¬ 
tion. Plants absorb carbon dioxide (C0 2 ) for their growth 
and roughly the same amount of CO z is emitted back into 
the atmosphere when they are burnt. Hence a plant-based 
fuel, unlike coal or petroleum, does not add to the C0 2 load 
in the atmosphere (which is a major reason for the global 
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warming effect). If plant geneticists, with the tools of 
genetic engineering available to them now, can develop fast 
growing trees, it can be a significant source of energy. Wood 
can be burnt to generate steam for power production or 
gasified into producer gas (in which the combustible 
components are carbon monoxide and hydrogen). Producer 
gas can be used in furnaces, internal combustion engines, 
etc. 

There are certain plants belonging to the rubber tree 
family from which liquid hydrocarbons (equivalent to 
petroleum) can be produced. If the process can be made 
economical by improving the plants to yield more oil it can 
be an alternative to petroleum. 

Ethyl alcohol can be fermented from sugar, starch and 
cellulose containing materials. The fermentation depends 
on specific bacteria. Ethanol can be used in internal 
combustion engines. In fact, during times of war when 
petroleum supplies are disrupted, ethanol has been widely 
used in the past. Genetic engineering offers scope to 
improve the fermentation process. 

Biogas, a mixture of methane and carbon dioxide, is 
produced by the digestion of organic matter like cow dung, 
leaves, etc. out of contact with air (anaerobic digestion). 
The digestion is carried out by two groups of organisms, 
acid-producing bacteria and methane-producing bacteria. 
The familiar Gobar Gas plants in the countryside digest cow 
dung to produce biogas. Biogas can be used in furnaces, 
internal combustion engines, etc. Genetic engineering can 
produce bacteria that are more efficient and faster in 
generating biogas. 

Similar to the bacteria described above for biogas 
generation there are bacteria, which can generate hydro¬ 
gen. The process of photosynthesis in plants is coupled 
with the hydrogen producing bacteria to yield hydrogen 
from water and sunlight. At present, it is quite slow and 
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unstable but if genetics can improve the process we can get 
hydrogen in greater quantities faster. Hydrogen is the 
cleanest-burning fuel known to man, the main product of 
combustion being water vapour. 

Environmental Protection 

Microbes play an important part in waste disposal. In 
nature, dead plants or animals are recycled into the eco¬ 
system by microbes. Man has also used microbes to dispose 
of organic wastes. For example, garbage from a great city 
is dumped in landfills and covered with earth. Microbes go 
to work underneath, in the absence of air, and digest the 
organic wastes anaerobically. Sewage treatment plants pass 
raw sewage through large, heated digesters under anaero¬ 
bic conditions. The treated sewage, much safer hygienically 
than raw sewage, can be used as fertiliser or discharged 
far into the sea. 

Some chemicals in the discharges from factories can 
be treated by microbes. Oil spills too can be handled by 
microbes. Such action can be accelerated by the addition of 
nutrients to the bacteria. 

With the development of genetic modification of plants 
and microbes, newer possibilities are opening up. Bacteria 
can be altered to clean up oil spills faster. Plants can be 
modified to absorb heavy metals from soil contaminated 
by factory discharges. 

Microbes are being employed in an unexpected field, 
mining of minerals. Some microbes absorb minerals. For 
example, when water mixed with such microbes is passed 
through an ore of copper—copper sulphide—they absorb 
it and in conjunction with carbon dioxide and nitrogen in 
the atmosphere they convert the ore into copper sulphate, 
soluble in water. This water is then treated to obtain metal¬ 
lic copper. Such processes, known as bioleaching are 
employed in uranium extraction also. These processes are 
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cheaper than conventional mining methods. Genetic engi¬ 
neering can definitely make them still better. 

Ethical Issues 

No other technological development of the past hundred 
years, except, possibly, the development of nuclear weap¬ 
ons has aroused such public fears and resistance as 
biotechnology. Interfering with the very process of the 
creation of life and hereditary characteristics naturally 
kindles deep fears about 'playing God'. But objections of 
more reasoned and objective nature are also being raised 
and are not to be dismissed easily. Some of the most 
important ones are discussed below. 

What are the long-term effects of consuming geneti¬ 
cally modified crops and animal products (milk, meat, etc.)? 
For example, will transferring animal genes into plants make 
humans vulnerable to animal diseases? 

Will this technology place great power in the hands of 
giant corporations, to the detriment of millions of small 
farmers? Only large corporations can afford the expense of 
research to develop such products. For example, a large 
organisation can develop a seed for rice or wheat whose 
yield is so high that farmers will have to switch over to this 
monopolistic source. The seed producer can even make the 
seeds useful only once, i.e. the farmer will be unable to plant 
afresh with a portion of his yield, a traditional practice. 

Can genetically modified microbes escape from a 
laboratory and create havoc in the community? 

Is it ethical to modify animals to produce medicines, 
food nutrients, etc. for our convenience? 

Even more troubling are questions relating to human 
reproduction. Will parents be able to choose the sex and 
characteristics of their child (for example, skin colour, eye 
colour, etc.)? The havoc created in our country by 
scanning to determine the sex of the unborn child is well 



known. Will women simply become incubators for children, 
available on commercial terms? Will the father and family 
become irrelevant? What will be the ultimate fate of such a 
society? 

There are no easy answers to these and many other 
questions. Scientists, governments, opinion makers, etc. are 
struggling with them. Several restrictions on research, 
marketing, etc. with regard to biotechnology are already in 
place. But such conflicts, though milder in nature have taken 
place in the past too. Fertilisers and insecticides were 
regarded as great boons initially. But as their negative 
impacts on animals, birds, and water sources became 
clearer, resistance to their use built up. Today they are 
being used more judiciously, but have not been discarded 
totally. It is likely that biotechnology will also be used 
judiciously in the coming years. One point in favour of this 
possibility is that objections and resistance to its use have 
started even at its inception unlike for pesticides and 
fertilisers. 

In the ultimate analysis, it is humans who decide on 
the optimum uses of science and technology, which are 
basically neutral. Let us hope that mankind will summon 
sufficient wisdom to use with care this powerful tool of 
biotechnology which' the scientific progress has placed in 
its hands. 
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Humanity has benefited immensely by the work of 
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